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This application claims the benefit of U.S. provisional application number 60/189672, 
filed March 15, 2000 and U.S. utility application number 09/594,410, filed June 16, 2000, both 
of which are incorporated herein by reference in their entirety. 

5 Field of the Invention 

The field of the invention is nucleoside analogs. 

Background of the Invention 

Ribavirin™ (l->f^D-ribofuranosyl-l,2,4-triazole-3-carboxainide) is a nucleoside analog 
that has demonstrated efficacy in treating viral diseases both in monotherapy [see eg., Hall, C. 
10 B. et aL, Aerosolized ribavirin treatment of infants with respiratory syncytial viral infection. N. 
Engl. J. Med. (1983), 308, 1443-1447], and in combination therapy with interferon-alpha 
[Reichard, O. et al. Randomized, double blind, placebo controlled trial of interferon alpha 2B 
with and without ribavirin for chronic hepatitis C. Lancet (1998), 351, 83-87]. 

In addition to its well known role as a direct antiviral agent, Ribavirin™ also exhibits 
15 immunomodulatory properties [Hultgren, C, et al; The antiviral compound ribavirin modulates 
the T helper Typel/Type2 subset balance in hepatitis B and C virus-specific immune responses. 
J. Gen. Virol. (1998), 79, 2381-2391], which has been demonstrated in vitro by measuring Type 
1 cytokine concentrations produced by activated T cells from both humans and mice'[7bm, R. t et 
al Ribavirin polarizes human T cell responses towards a Type 1 cytokine profile. J. Hepatol. 
20 (1999), 30, 376-382]. Such immunomodulatory properties may advantageously be employed in 
treatments of various diseases. 

However, Ribavirin™ is also known to exhibit significant toxicity [see e.g., Joksic, G. et 
al Influence of Ribavirin™ on the micronuclpus formation and in vitro proliferation of human 
lymphocytes. Neoplasma (2000);47(5):283-7], and especially hematotoxicity [see e.g., Jarvis, 
25 S., et al Ribavirin uptake by human erythrocytes and the involvement of nitrobenzylthioinosine- 
sensitive (es)-nucleoside transporters. Br J Pharmacol (1998) Apr; 123(8): 1587-92], thereby 
substantially reducing its usefulness in long-term treatments and/or treatments in relatively high 
dosages. 
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To reduce at least some of the cytotoxic effects of Ribavirin™, the L-isomer of 
Ribavirin™ (Levovirin) can be administered to a patient. For example, while oral administration 
of Ribavirin™ in rats at 180mg/kg over four weeks produced significant hemolytic anemia and 
leukopenia, Levovirin did not produce any observable clinical pathology. Administration of the 
I^isomer of Ribavirin™ reduces at least some aspects of cytotoxicity, however, conversion of 
Ribavirin™ into the corresponding L- isomer generally fails to improve target specificity with 
respect to a target cell and/or target organ. 

Although various triazole-type nucleoside analogs for use in antiviral and antineoplastic 
treatments are known in the art, all or almost all of them suffer from one or more disadvantages. 
Therefore, there is still a need to provide methods and compositions for nucleosides with 
improved tolerability and specificity. 

Summary of the Invention 

The present invention is directed to nucleoside analogs and their corresponding prodrugs. 
Contemplated nucleoside analogs include a sugar moiety and a heterocyclic base moiety, and 
especially preferred sugar moieties include a ribofuranose. Particularly preferred base moieties 
include diazole and triazole. 

In one aspect of the inventive subject matter, the nucleoside analog has a structure 
according to formula 1, in which the sugar is either in L- or D-configuration: 



wherein A, C, and D are independently selected from N or C-R 9) and wherein R9 is H, halogen, 
lower alkyl, alkenyl, alkynyl, amino, CN, SH, CHO, COOH, CH 2 OH, vinyl halide or hydroxyl; 
B is N or C; Z is O, CH2, or S; R 2 ' and R3 1 are independently H, hydroxyl, protected hydroxyl, or 
halogen; Ri, R 2 , R3, R^ Rs, are H, halogen, CN, CH 2 OH, lower alkyl, vinyl, or acetylene, wit the 
proviso that when R 2 is hydroxyl, then R 2 ! is not halogen, and with the further proviso that when 




R 2 ' 



Formula 1 



2 
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R 3 is hydroxyl, then R 3 ' is not halogen; R^ is H, hydroxyl, protected hydroxyl, -CH 2 OH, - 
CH2PO(OH)2-, an O-amino acid, O-retinoic acid, O-cholesterol, O-cholic acid, O-coumarinic 
acid, O-salicylic acid, O-succinic acid, an O-bile acid, an O-lipid, 0-P(OHO-CH2-CH 2 -S-CO- 
€113)2, an O-steroid, an O-monophosphate derivative, an O-diphosphate derivative, or an O- 

5 triphosphate derivative; R 7 is H, alkyl, CH3COO-, CH 3 COO-Phenyl-CH 2 -0-CO-, phenyl, - 
(CH2) n -COOH, covimarinic acid, salicylic acid, a dithiosuccinoyl derivative, a reductase 
cleavable group, phosphonoformic acid, or a phosphoramidate group; and Rg is H, lower alkyl, 
phenyl, CH3COO-, CH 3 COO-Phenyl-CH 2 -0-CO-, phenyl, or -(CH 2 )n-COOH; or R 7 and R 8 
combined are selected from a cyclic structure or an amino acid, with the further proviso that (i) 

10 when Ri, R2, R3, R4, R5, R;, and R 8 are H, and when R 2 ' and R 3 ' are hydroxyl, then R$ is not 

hydroxyl, and (ii) when Ri, R 2 , R3, R4, R5, and R 8 are H, and when R 2 f , R 3 ', and are hydroxyl, 
then R7 is not H. 

In another aspect of the inventive subject matter, the nucleoside analog has a structure 
according to formula 2, in which the sugar is either in L- or D-configuration: 




Formula 2 



15 R 3 f O OR 3 

wherein X is O or NH; Ri is a masking group of the amino group; R 2 is H, -CHO-, -C(0)R, and 
-P(0)(OR')2, where R is Ci-Cn alkyl, alkenyl, or alkynyl, and R' is a masking group of the 
phosphate group; and R3 and R3 1 are independently H or Ci-Cig acyl, with the proviso that Ri 
and R 2 are not hydrogen at the same time. 

20 In a further aspect of the inventive subject matter, the nucleoside analog has a structure 

according to formula 3, in which the sugar is either in L- or D-configuration: 
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Foimula 3 



wherein R is a masking group selected from the group consisting of: 
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R-C— O— (CH^-C — , 
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CH r O-C— , 
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II 



R — S — S — C — 
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R-S— S— (CH^O-C— >and 
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II 

R— C— X— CH2 — 



and wherein X is O or S, and R is a Ci-Cig alkyl, alkenyl, alkynyl, aryl, or aralkyl. 

5 In yet another aspect of the inventive subject matter, the nucleoside analog has a 

structure according to formula 4, in which the sugar is either in L- or D-configuration: 



O Formula 4 

R 2 0-P-0-v o 
OR 2 



W 

HO OH 



wherein Ri is H or a masking group of the amino group; R2 is a masking group of the phosphate 
selected from the group consisting of 
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R— S — S- 



CHr- R— S— S— , 



/)-CH^ and R-c-x-CHr- ;| 



wherein X is O or S, and wherein R is Ci-Cis alkyl, alkenyl, alkynyl, aryl, or aralkyl. 

In a further aspect of the inventive subject matter, the nucleoside analog has a structure 
according to formula 5, in which the sugar is either in L- or D-configuration: 



N 



H 



R 2 0 




„ N 

i > 

N Formula 5 




HO 



OH 



wherein Ri is H or a masking group of the amino group, and wherein R2 is a masking group of 
the phosphate having a structure selected from the group consisting of 



o o 

I! II 
R— C— S— (CH^O— P- 

R-C-S— (CH 2 )2-0 

O 




R— C 
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.11 



R— O 



M — C — } and 
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II 



; and 



r 



wherein R is Ci-Cig alkyl, alkenyl, alkynyl, aryl, or aralkyl, and wherein M is alkyl, alkenyl, 
10 alkynyl, aralkyl, aryl, or a hydrophobic group. 



In another aspect of the inventive subject matter, the nucleoside analog has a structure 
according to formula 6, in which the sugar is either in L- or D-configuration: 
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NH*HC1 



H 2 N 




HO 




Formula 6 



OH 



wherein R is hydrogen, hydroxy, halogen, alkyl, phenyl, vinyl, acetylene, an amide, or an 
amidine. 

In yet another aspect of the inventive subject matter, the nucleoside analog has a 
structure according to formula 7, in which the sugar is either in L~ or D-configuration: 

NH*HC1 



wherein X is oxygen, sulphur, Se or NR, and wherein R is H, acetyl, or alkyl. 

In yet further aspects of the inventive subject matter, a pharmaceutical composition 
comprises a therapeutically effective amount of any one or a combination of Formulas 1-7, or a 
pharmaceutical^ acceptable salt thereof admixed with at least one pharmaceutically acceptable 
carrier. Contemplated compositions are useful in treatment of various diseases, and particularly 
contemplated diseases include viral infections and cancer. 

Detailed Description 



Where the following terms are used in this specification, they are used as defined below. 
The terms "nucleoside" and "nucleoside analog" are used interchangeably, and refer to a 
compound comprising a sugar moiety covalently coupled to a heterocycle. Particularly preferred 
heterocycles include aromatic heterocycles, and even more preferred heterocycles include a 
purine, a pyrimidine, or a purine/pyrimidine analog. Most preferred heterocycles include a 
triazole. The term "nucleotide" refers to a nucleoside that is coupled to at least one phosphate 
group. 




Formula 7 
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The term ,f heterocycle" refers to a carbocyclic radical having at least one heteroatom 
within the ring (e.g., N, 0 or S), wherein each position in the heterocycle may be independently 
substituted with a functional or non-functional group. Functional groups include nucleophilic 
groups, electrophilic groups, polar groups, (eg., hydroxy, oxo, amino, imino groups), and 
5 nonfunctional groups include alkyl groups and halogens. 

The term "protecting group" or "masking group" refers to a chemical group that is 
covalently bound to an oxygen or nitrogen atom of contemplated compounds to prevent further 
reaction of the oxygen or nitrogen atom in the course of derivatization of other functional groups 
in contemplated compounds. A wide variety of oxygen, phosphate, and nitrogen protecting 
10 groups are known to those skilled in the art of organic synthesis (see e.g., Protecting Groups in 
Organic Synthesis by James R. Hanson, Blackwell Science Inc; ISBN: 063204506X, or 
Activating Agents and Protecting Groups, Handbook of Reagents for Organic Synthesis by 
William R Roush and Anthony J. Pearson; John Wiley & Son Ltd; ISBN: 0471979279, both 
incorporated by reference herein). 

1 5 Particularly preferred masking groups of the amino group include groups having the 

following structures: 



Further contemplated masking groups of the amino group include aliphatic ester-type 
masking groups (e.g., acetyloxypentanoic acid, acetyloxyhexanoic acid, or acetyloxypropanoic 
20 acid), para-acetyloxybenzyloxycarbonyl-type masking groups (e.g., para-hydroxybenzyloxy- 
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carbonyl, or para-acetyloxyxybenzloxycarbonyl), or para-acetyldisulfidecarbonyl-type masking 
groups. 

Similarly, while various masking groups for the phosphate groups are suitable, 
particularly contemplated masking groups have the following structure: 



However, in further alternative aspects, suitable masking groups may also include 
aliphatic ester-type masking groups (eg., acetyloxypentanoic acid, acetyloxyhexanoic acid, or 
acetyloxypropanoic acid), para-acetyloxybenzyloxycarbonyl-type masking groups (e.g., 
para-hydroxybenzloxycarbonyl, or para-acetyioxyxybenzloxycarbonyl), or para-acetyldi- . 
1 0 sulfidecarbonyl-type masking groups. 

The term "lower alkyl" refers to methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, 
i-butyl, or n-hexyl, and further includes a cyclic, branched or straight chain from one to six 
carbon atoms. The term "aryl" refers to an unsaturated aromatic carbocyclic radical having a 
single ring (e.g., phenyl) or two condensed rings (e.g., naphthyl), which may be substituted with 
15 a functional or non-functional group. 

The term "L-nucleoside" refers to nucleoside compounds having a sugar moiety in 
L-configuration. Similarly, the term "D-nucleoside" refers to nucleoside compounds having a 
sugar moiety in D-configuration. The compounds of Formulas 1-7 may have multiple 
asymmetric centers. Accordingly, they may be prepared in either optically active form or as a 
20 racemic mixture. The scope of the invention as described and claimed encompasses the 

individual optical isomers and non-racemic mixtures thereof as well as the racemic forms of the 
compounds of Formulas 1-7. Similarly, the term "of" and "0" indicate the specific stereochemical 
configuration of a substituent at an asymmetric carbon atom in a chemical structure as drawn. 




o 

ii 



5 




The term "pharmaceutical^ acceptable salt" refers to any salt derived from an inorganic 
25 and/or organic acid or base. 
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The terms "immunomodulatory" and "modulator 1 are herein used interchangeably and 
refer to natural or synthetic products capable of modifying the normal or aberrant immune 
system through stimulation or suppression. Particularly contemplated modulations include 
stimulation and/or inhibition of expression of cytokines, and it is even more particularly 
5 contemplated that modulation includes a change in the balance between Type 1 cytokines and 
Type 2 cytokines (e.g., a relative or absolute increase in Type 1 cytokines over Type 2 
cytokines, a relative or absolute increase in Type 2 cytokines over Type 1 cytokines, or a 
suppression of both Type 1 and Type 2 cytokines). 

Contemplated compounds 

1 0 The present invention is directed to nucleoside analogs and their corresponding prodrugs. 

In general, the following structure may broadly represent contemplated compounds: 

R-Nu 

where Nu is a nucleoside or nucleoside analog (preferably Levovirin or Viramidine) in which 
the sugar moiety is in D- or L-configuration, and wherein R (which may or may not be present) 
15 comprises a ligand or otherwise termed a substituent, that is designed to modify the nucleoside 
on the sugar, the base, or in some cases both the sugar and the base. 

More particularly, contemplated nucleoside analogs have a structure according to 
fonnula 1, in which the sugar is either in L- or D-configuration: 




20 wherein A, C, and D are independently selected from N or C-R9, and wherein R9 is H, halogen, 
lower alkyl, alkenyl, alkynyl, amino, CN, SH, CHO, COOH, CH 2 OH, vinyl halide or hydroxyl; 
B is C or N; Z is O, CH 2 , or S; R 2 and R 3 ' are independently H, hydroxyl, protected hydroxyl, or 
halogen; Ri, R 2 , R3, R», Rs, are H, halogen, CN, CH2OH, lower alkyl, vinyl, or acetylene, wit the 
proviso that when R 2 is hydroxyl, then R 2 ' is not halogen, and with the further proviso that when 
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R 3 is hydroxyl, then R 3 * is not halogen; is H, hydroxyl, protected hydroxyl, -CH 2 OH, 
-CH 2 PO(OH) 2 -, an O-amino acid, O-retinoic acid, 0-cholesterol, O-cholic acid, O-coumarinic 
acid, O-salicylic acid, O-succinic acid, an O-bile acid, an O-lipid, 0-P(0)-(0-CH2-CH 2 -S-CO 
-CH3)2, an O-steroid, an O-monophosphate derivative, an O-diphosphate derivative, or an 
5 O-triphosphate derivative; R 7 is H, alkyl, CH3COO-, CH 3 COO-Phenyl-CH 2 -0-CO-, phenyl, 
-(CH 2 ) n -COOH, coumarinic acid, salicylic acid, a dithiosuccinoyl derivative, a reductase 
cleavable group, phosphonoformic acid, or a phosphoramidate group; and R 8 is H, lower alkyl, 
phenyl, CH3COO-, CH 3 COO-Phenyl-CH 2 -0-CO-, phenyl, or -(eH 2 )n-COOH; or R 7 andRg 
combined are selected from a cyclic structure or an amino acid, with the further proviso that (i) 
10 when Ri, R 2 , R 3 , R4, R5, and Rs are H, and when R 2 and R3 1 are hydroxyl, then R$ is not 

hydroxyl, and (ii) when Ri, R 2 , R 3 , R4, R 5 , and Rg are H, and when R 2 , R 3 ! , and R$ are hydroxyl, 
then R7 is not H. 

Alternatively, and especially where it is desired that contemplated compounds include a 
triazole base moiety the base of Ribavirin), contemplated nucleoside analogs have a 
15 structure according to formula 2, in which the sugar is either in L- or D-configuration: 



wherein X is O or NH; Ri is a masking group of the amino group; R 2 is H, -CHO-, -C(0)R, and 
-P(0)(OR') 2 , where R is Ci-Cn alkyl, alkenyl, or alkynyl, and R 9 is a masking group of the 
phosphate group; and R 3 and R 3 ' are independently H or Ci-Cig acyl, with the proviso that Ri 
20 and R2 are not hydrogen at the same time. 

Moreover, where the nucleoside analogs of formula 2 have a carboxamidine moiety on 
the triazole base moiety, contemplated nucleoside analogs have a structure according to formula 
3, in which the sugar is either in L- or D-configuration: 




Formula 2 
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Formula 3 



wherein R is a masking group selected from the group consisting of: 
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: and 



and wherein X is O or S, and R is a Ci-Cig alkyL ;nyl, alkynyl, aryl, or aralkyl. 

5 In yet another aspect of the inventive subject matter, and especially where the nucleoside 

analogs have a phosphate group, contemplated nucleoside analogs have a structure according to 
formula 4, in which the sugar is either in L- or D-configuration: 



N 



H 




1 > 

N 



RoO— P— O-x o 
OR 2 ^ 

HO' OH 



Formula 4 



wherein Ri is H or a masking group of the amino group; R 2 is a masking group of the phosphate 
10 selected from the group consisting of 
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R-C-X— £ j) — CH2— > R— S — S — (CH 2 )2 — , 

R - s - s -0~ < 



"and R-C-X-CHj- . 
* » 



wherein X is O or S, and wherein R is CpCig alkyl, alkenyl, alkynyl, aryl, or aralkyl. 



With respect to Cs-substituents, and especially to phosphorous-containing C5- 
substituents, contemplated nucleoside analogs have a structure according to formula 5, in which 
5 the sugar is either in Lr or D-configuration: 



R 2 0 



Formula 5 




HO 



OH 



wherein Ri is H or a masking group of the amino group, and wherein R2 is a masking group of 
the phosphate having a structure selected from the group consisting of 



o 

11 
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11 



R — C — S (CH2)2 — 0 — P — > 

R-C-S— (CH 2 )2-0 
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II 

R— O— P- 
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10 wherein R is Ci-Cig alkyl, alkenyl, alkynyl, aryl, or aralkyl, and wherein M is alkyl, alkenyl, 
alkynyl, aralkyl, aryl, or a hydrophobic group (e.g. 9 cholesterol or cholesterol derivative, bile 
acid or bile acid derivative, vitamin E, D, A, or K, steroids, etc). 
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Alternatively, and especially where the triazole moiety is substituted with a diazole 
moiety, contemplated nucleoside analogs have a structure according to formula 6, in which the 
sugar is either in L- or D-configuration: 



H 2 N 



NH*HC1 



D 

N 

10^ o I 



Formula 6 



5 wherein R is hydrogen, hydroxy, halogen, alkyl, phenyl, vinyl, acetylene, an amide, or an 
amidine. 



10 
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Moreover, contemplated nucleoside analogs may also include a modified diazole moiety 
and will generally have a structure according to formula 7, in which the sugar is either in L- or 
D-configuration: 

NH*HC1 



HO 



Formula 7 




HO 



OH 



wherein X is oxygen, sulphur, Se or NR, and wherein R is H, acetyl, or alkyl. 
Uses of contemplated compounds 

It is contemplated that compounds according to Formulae 1-7 may be used to treat a 
wide variety of conditions, and in fact any condition which responds positively to administration 
of one or more of such compounds. Among other things it is specifically contemplated that 
compounds according to the inventive subject matter may be used to treat an infection, an 
infestation, a cancer or tumor or an autoimmune disease. It is further contemplated that 
contemplated compounds may be used to target conditions or diseases in specific organs of a 
patient (typically a mammal, preferably a human), such as the liver or the heart. 
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Infections contemplated to be treated with the compounds of the present invention 
include respiratory syncytial virus (RSV), hepatitis B virus (HBV), hepatitis C virus (HCV), 
herpes simplex type 1 and 2, herpes genitalis, herpes keratitis, herpes encephalitis, herpes zoster, 
human immunodeficiency virus (HIV), influenza A virus, hantann virus (hemorrhagic fever), 
human papilloma virus (HPV), measles, and fungus. Infestations contemplated to be treated with 
the compounds of the present invention include protozoan infestations, as well as helminth and 
other parasitic infestations. 

Cancers or tumors contemplated to be treated include those caused by a virus, and the 
effect may involve inhibiting the transformation of virus-infected cells to a neoplastic state, 
inhibiting the spread of viruses from transformed cells to other normal cells and/or arresting the 
growth of virus-transformed cells. Autoimmune and other diseases contemplated to be treated 
include arthritis, psoriasis, bowel disease, juvenile diabetes, lupus, multiple sclerosis, gout and 
gouty arthritis, rheumatoid arthritis, rejection of transplantation, giant cell arteritis, allergy and 
asthma. 

Consequently, a method of treating a mammal (preferably a human) having a cancer, a 
viral infection, an infestation, a cancer, or an autoimmune disease, comprises administering a 
therapeutically and/or prophylactically effective amount of a pharmaceutical containing a 
compound according to the inventive subject matter. 

In yet another aspect, a method of treating a mammal (preferably a human) comprises 
administering a therapeutically and/or prophylactically effective amount of a pharmaceutical 
containing a compound of the present invention. In this aspect the effect may relate to modu- 
lation of some portion of the mammal's immune system, especially modulation of cytokine 
profiles of Type 1 and Type 2 with respect to one another. Where modulation of Type 1 and 
Type 2 cytokines occurs, it is contemplated that the modulation may include suppression of both 
Type 1 and Type 2, or reduction in expression of Type 1 cytokines and stimulation of expression 
of Type 2 cytokines. 

In general, the most preferred uses according to the present invention are those in which 
the active compounds are relatively less cytotoxic to the non-target host cells and relatively more 
active against the target. In this respect, it is especially advantageous that contemplated 
L-nucleosides have increased stability over D-nucleosides, which could lead to better 
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pharmacokinetics. This result may attain because L-nucleosides may not be recognized by 
enzymes, and therefore may have longer half-lives. 



It is further contemplated that compounds according to the present invention will be 
administered in any appropriate pharmaceutical formulation, and under any appropriate protocol. 
5 Thus, administration may take place orally, parenterally (including subcutaneous injections, 
intravenous, intramuscularly, by intrastemal injection or infusion techniques), by inhalation 
spray, or rectally, topically and so forth, and in dosage unit formulations containing 
conventional non-toxic pharmaceutically acceptable carriers, adjuvants, and vehicles. 

By way of example, it is contemplated that compounds according to the present 
10 invention can be formulated in admixture with a pharmaceutically acceptable carrier. For 
example, the compounds of the present invention can be administered orally as 
pharmacologically acceptable salts. Because the compounds of the present invention are mostly 
water soluble, they can be administered intravenously in physiological saline solution (e.g., 
buffered to a pH of about 7.2 to 7.5). Conventional buffers such as phosphates, bicarbonates or 
15 citrates can be used for this purpose. Of course, one of ordinary skill in the art may modify the 
formulations within the teachings of the specification to provide numerous formulations for a 
particular-route of administration without rendering the compositions of the present invention 
unstable or compromising their therapeutic activity. In particular, the modification of the 
present compounds to render them more soluble in water or other vehicle, for example, may be 

♦ 

20 easily accomplished by minor modifications (salt formulation, esterification, etc.) that are well 
within the ordinary skill in the art. It is also well within the ordinary skill of the art to modify 
the route of administration and dosage regimen of a particular compound in order to manage the 
pharmacokinetics of the present compounds for maximum beneficial effect in patients. 

Thus contemplated compounds are presented to a cell (or target cell) in vivo or in vitro in 
25 a concentration range of between about lOnM to about ImM, preferably between lOOnM and 
500nM, and most preferably between 5^iM and 500|iM. Where the administration of 
contemplated compounds is in vitro, admixing in any suitable form is contemplated. For 
example, where compounds according to the inventive subject matter are solid, admixing may 
be performed by adding the solid (e.g., as powder or tablet) to the medium. Alternatively, where 
30 contemplated are dissolved or are liquid, admixing may be done in a continuous or 

discontinuous form (e.g., by pipetting). Similarly, where the administration of contemplated 
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compounds is in vivo, presentation of contemplated compounds is contemplated in any suitable 
form and/or formulation (supra). For example, where compounds according to the inventive 
subject matter are solid, a tablet may be presented to the patient. Alternatively, a solid may be 
dissolved and ingested by the patient, or where the compound is a liquid, contemplated 
5 compounds or formulations comprising such compounds may be injected, ingested, or otherwise 
locally and/or systemically administered. 

It should be particularly appreciated that a proper regimen of contemplated compounds 
in vitro and in vivo (including dosage, frequency, and route) can be established without undue 
experimentation by monitoring the desired biological effect. For example, where the biological 
10 effect is ah antiviral effect, virus load and/or propagation can be simply monitored by numerous 
methods well known in the art (eg., RT-PCR). In another example, where the desired effect is 
an immunomodulatory effect, change in the expression of Type 1 and/or Type 2 cytokines can 
be monitored via ELISA or other techniques well known to the person of ordinary skill in the 
art. 

15 Moreover, combination therapies with administration of at least one of the contemplated 

compounds and at least one other pharmaceutically active ingredient are also contemplated. The 
contemplated compound and the pharmaceutically active agents may be administered separately 
or together and when administered separately this may occur simultaneously or separately in any 
order. 

20 Examples of other drugs or active ingredients contemplated to be effective in 

combination with a modulator selected from Formula 1 or Formula 2 are anti-viral agents such 
as interferon, including but not limited to interferon a and y, ribavirin, acyclovir, and AZT™; 
anti-fungal agents such as tolnaftate, Fungizone™, Lotrimin™, Mycelex™, Nystatin and 
Amphoteracin; anti-parasitics such as Mintezol™, Niclocide™, Vermox™, and Flagyl™, bowel 

25 agents such as Immodium™, Lomotil™ and Phazyme™; anti-tumor agents such as interferon a 
and 7, Adriamycin™, Cytoxan™, Imuran™, Methotrexate, Mithracin™, Tiazofurin™, 
Taxol™; dermatologic agents such as Aclovate™, Cyclocort™, Denorex™, Florone™, 
Oxsoralen™, coal tar and salicylic acid; migraine preparations such as ergotamine compounds; 
steroids and immunosuppresants not listed above, including cyclosporins, Diprosone™, 

30 hydrocortisone; Floron™, Lidex™, Topicort™ and Valisone™; and metabolic agents such as 
insulin, and other drugs which may not nicely fit into the above categories, including cytokines 
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such as IL2, IL4, DL6, IL8, IL10 and IL12. Especially preferred primary drugs are AZT, 3TC, 
8-substituted guanosine analogs, 2,3-dideoxynucleosides, interleukin II, interferons such as 
IoB-interferons, tucaresol, levamisole, isoprinosine and cyclolignans. 

Particularly contemplated examples of therapeutic agents include agents that are 
effective for the modulation of immune system or associated conditions such as AZT, 3TC, 
8-substituted guanosine analogs, 2\ 3'-dideoxynucleosides, interleukin It, interferons, such as 
a-interferon, tucaresol, levamisole, isoprinosine and cyclolignans. Certain compounds according 
to the present invention may be effective for enhancing the biological activity of certain agents 
according to the present invention by reducing the metabolism or inactivation of other 
compounds and as such, are co-administered for this intended effect. 

Still other contemplated uses of the compounds include use as intermediates in the 
chemical synthesis of other nucleoside or nucleotide analogs that are, in turn, useful as 
therapeutic agents or for other purposes. 

Synthesis of contemplated compounds 

The following synthetic schemes provide exemplary synthetic routes for the formation of 
contemplated compounds, in which Levovirin and Viramidine (in both D- and L-configuration) 
may interchangeably be employed, and wherein Levovirin and/or Viramidine may further 
comprise additional substituents and/or ligands. 

An exemplary synthetic scheme for acylated contemplated compounds (here: tri-O- 
acetylated, which may or may not be modified with a masking group of the amino group) is 
depicted below. 



NH 



NH 




OH 



HO 



AcO 



OAc 
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Alternatively, a 5-retinoyl derivative of contemplated compounds (which may be 
modified with a masking group of the amino group) is prepared according to the following 
scheme. 




(C0C1)P 

Retinoic acid >* n / — ORetinoic acid 

Viramidine/DMAP ' 
HCl/Ether 



HO OH 



The following further S'-derivatives of contemplated compounds maybe prepared in a 
procedure similar to that described in C. Sergheraert, C. Pierlot, A. Tartar, Y. Henin, M. 
Lemaitre, J. Med. Chem., 36, 826-830, 1993. 



NH 



N O R=CH 2 -(CH 2 ) 13 CH3 



N' R=0-CH 2 -(CH 2 ), 3 CH 3 
L°n/~ R=N-CH 2 -(CH2) 13 CH 3 

H K ~"S 

HO 0H R=Cholesterol or Cholesterol derivative 

Other groups for R include bile acids, lipids, cholic acid, and vitamins. 

A salicylic acid-based prodrug of contemplated compounds may be obtained as follows: 




Similarly, S'-amino acid ester derivatives (in which at least one of the 2 - and 3'-hydroxyl, or the 
carboxamidine group may further be modified) may be prepared as shown below: 
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NH 

H 2 N- 



DCC/DMAP/Viraraidia 

Z- Amino acid 




„ N 

| q i — OAmino acid 



Pd/C/HCl/Dioxane 



W 

HO OH 

Where specific delivery of contemplated compounds to the liver and the biliary system is 
desired, targeting of the endogenous bile acid transport system is an attractive candidate. 
Consequently, bile acid (or cholic acid) conjugates of contemplated compounds (in which at 
5 least one of the 2 - and 3 f -hydroxyl, or the carboxamidine group may further be modified) are 
especially contemplated and their synthesis may be accomplished as represented below: 



, t . DCC/DMAP/Viramidin e | ^ y — OCholic Acid 

Cholic Acid 



HO/Dioxane 




HO OH 



Preparation of protected S'-monophosphate derivatives are shown below. It is especially 
contemplated that protecting the negative charges of one or more phosphate groups with neutral 
10 substituents may form more lipophilic derivatives, which are expected to revert back to the 
corresponding phosphates once inside a cell. 



lH-Tetrazolc/THFA^iramidine 



cicH^oycHC^ 

HCl/Dioxane 




wherein Ri includes alkyl groups such as CH 3 C(0)S-CH 2 CH 2 -; (CH 3 )2CHC(0)S-CH 2 CH2-; 
(CH 3 )3CC(0)S-CH 2 CH2-; (CH 3 ) 3 CC(0)OCH 2 s C6H 5 C(0)S-CH 2 CH 2 - or HOCH 2 CH 2 SS- 
15 CH 2 CH 2 -. 
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Amino acid phosphoramidates are yet another class of contemplated prodrugs that may 
be synthesized as described below: 



NH 



H 2 N 




NH 



N 



H 2 N 



HO OH 



II Me o^ 0 
O— P-OH 0 

I DCC/ttuQH, H 2 Q 
OH 




N 

%> 



HCl/Dioxane 




O 

II 

O— P— NH 
OH V" R 



HO OH 



wherein R includes alkyl, alkenyl, aryl, or alkaryl, all of which may further include one or more 
functional groups or substituents. Still further contemplated monophosphate prodrug forms of 
contemplated compounds are shown below: 



NH 



NH 



H 2 N 




HO OH 



O— p— OH R-S-S-Ph-CH 2 OH/ 

I N^-Carbonyldi imidazole 

0H HO/Dioxane 



I > 

N 




0 -P-0-CH 2 -^ V— S— S-R 



HO OH 



Salicylate-based nucleotide prodrugs of contemplated compounds may be obtained as follows: 




wherein Ri may be CH 3 , Phenyl, H, or a sugar moiety {e.g., glucopyranose), It should further be 
appreciated that contemplated prodrug forms also include diphosphate and triphosphate forms, 
which may bypass one or more metabolic steps within a cell. 
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The following examples illustrate lipophilic nucleotide prodrugs, which may be prepared 
as depicted below (and wherein at least one of the T and 3-OH groups and/or the carboxamidine 
group may further be protected/modified): 




5 inwhichXisOorCEb, andMisNBu/. 

Phosphonate prodrugs of contemplated compounds (in which at least one of the 2 ! and 
3-OH groups and/or the carboxamidine group may further be protected/modified) may be 
prepared following a procedure as outlined below: 
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Other possible prodrugs of contemplated compounds include the combinations of the 
groups shown in PCT patent application WO 98/39342, WO 98/39343, WO 98/39344 and WO 
99/45016. 

5 It is still further preferred that where contemplated compounds are orally administered, 

that such compounds will substantially remain unchanged (i.e. 9 more than 75%, preferably more 
than 85%, and most preferably more than 95% remain unchanged) during the passage through 
the intestinal tract, and it is even more preferred that such compounds will be transported 
(actively or passively) across the intestinal wall, and finally, once in the systemic circulation, 
10 will be converted back to the parent nucleoside or nucleotide. Consequently, enzyme activated 
prodrugs are especially contemplated and particularly preferred enzymes include intracellular 
and extracellular esterases, enzymes with disulfide reductase activity, and ras-Famesyl protein 
transferase activated prodrugs. 

For example, contemplated prodrugs include coumarin-based prodrugs, salicylate based 
15 prodrugs, dithiosuccinoyl (Dts)-based prodrugs, reductase mediated prodrugs, 4-acyloxybenzyl- 
oxycarbonyl-based prodrugs, ras-farnesyl protein transferase prodrugs, succinic acid based 
prodrugs, and homoserine-based prodrugs: 
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HO— ( 



II 
O 




o 

w 



C— 0 




HCl/Ether 



DCC/DMAP/Viramidine 



H 2 N' 



/ HO 
Esterases 




Such coumarin-based prodrugs are easily cleaved by esterases, which is followed by 
lactonization, thereby releasing contemplated compounds. Ri may be CEb, fatty acids, 
cholesterol, cholic acids, or bile acids. Alternatively, coumarinic acid may be used to mask the 
carboxamidine function of contemplated compounds to produce the following prodrug: 



Similarly, it is contemplated that salicylate-based prodrugs may include an activation 
step that includes a neighboring group catalysis mechanism. Both hydroxyl and amide masked 
salicylates of Levovirin are shown below, and it is contemplated that their synthesis will 
substantially follow the synthetic scheme shown above for coumarinic acid by substituting 
salicylic acid for coumarinic acid. Ri may be CH3, fatty acids, cholesterol, cholic acids, and bile 
acids. 




HO 



OH 
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Where disulfide-reductase activated prodrugs are preferred, dithiosuccinoyl (Dts)-based 
prodrug forms may be synthesized, which will result in the corresponding nucleoside by 
enzyme-activated reduction (which may further include esterase action). 




Further contemplated reductase-mediated prodrugs are cleaved by a combination of 
esterases and reductases and are contemplated to yield the corresponding nucleoside, and 
exemplary prodrugs are depicted below in which R\ may be CH3, fatty acids, cholesterol, cholic 
acids, and bile acids. 



o 




HO OH HO OH 
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HO OH 



4-Acyloxybenzyloxycarbonyl-based prodrugs may be prepared by using the protecting 
group strategy used to block amino group of any amino acids and is represented in the scheme 
5 below. These prodrugs are cleaved by esterases giving back the free nucleoside. R\ may be CH 3 , 
fatty acids, cholesterol, cholic acids, and bile acids. 




Ras-Farnesyl protein transferase activated prodrugs may be especially advantageous 
where tumor cells or tumor masses are targeted, and exemplary prodrugs of this type are 
10 represented below. 
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Succinic acid based prodrugs are represented by the following structure, wherein Ri is 
CH 3 , fatty acids, cholesterol, cholic acids, or bile acids. 




5 Similarly, homoserine-based prodrugs may be prepared from Levovirin, and such pro- 

drugs are depicted below, in which Ri is CH 3 , fatty acids, cholesterol, cholic acids, or bile acids. 




HO OH 



In still further contemplated aspects of the inventive subject matter, phosphoamidate 
based nucleosides and nucleotides, phosphonoformic acid based nucleosides and nucleotides, 
10 nucleoside and nucleotide dimers, and further ras-farnesyl protein transferase activated prodrugs 
are contemplated, and exemplary structures are as depicted below (in which Ri may be CH 3j 
fatty acids, cholesterol, cholic acids, or bile acids): 
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It should still further be appreciated that all of contemplated prodrugs may be 
synthesized in their respective mono-, di-and triphosphate form, and their respective 
phosphonate forms. 
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In still further contemplated aspects of the inventive subject matter, contemplated 
compounds may be obtained by derivatizing the amide or amidine function of a carboxamide or 
carboxamidine group. The following examples illustrate exemplary ammo-modified prodrug 
forms of Viramidine: 



NH 



NH 



RO OR 



OR 



H 3 C^ 



o 

II NH 
CHr-O-C; II 

I} 
N 




HO OH 



NH 



NH 



N— I 
N 

RO OR 



OR 



ca ,DCC 



HC1, Dioxane 




o 

II NH 



0=Q 



CH 3 




HO. OH 



An additional contemplated example of the formation of contemplated prodrugs is 
depicted below, in which the linker may comprise ligands such as lipids, alkyl groups, bile acid, 
and vitamins, and wherein the masking moiety is covalently coupled to the linker: 



10 



H 2 N 




HO OH 



O 
II 

O-P-O— | Linker 
OH 



Masking Moiety 



For example, particularly contemplated linkers include alkyl, cholesterol, bile acid, various 
lipids and lipid soluble vitamins (e.g., A, D, E, K), and exemplary prodrug forms of Levovirin 
are outlined below: 
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H2N 



T v> 



HO OH 



O — L — R 



R= Alkyl, Cholesterol, Bile acid, Fat soluble vitamin, or other lipids 
L = -C(0> or -OOCCH 2 CH 2 CO 




COOH 




Rl-R2 = R3 = HorAc 
Derivatives of cholic acid 



Cholesterol derivative 



Vitamin D derivative 



Alternatively, Levovirin phosphonate prodrugs may have structures as outlined below: 




Rl = R2 = R3 = H or Ac L = HOOCCH 2 CH 2 COO 

Bile acid or derivatives Cholesterol derivative Vitamin D derivative 
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In still further alternative aspects, Levovirin monophosphate prodrugs may have 
structures as follows: 



H 2 N 



HO OH 



-0-CH 2 



S-S-R 



R = Alkyl, Cholesterol, Bile acid, Fat soluble vitamin, or other lipids 



R 1 0 |,,, 




.SH 



HS-S' 




HS-S 



Rl =R2 = R3 = HorAc 
Derivatives of cholic acid 



Cholesterol derivative 



Vitamin D derivative 



In yet further contemplated aspects, Levovirin prodrugs may be polymerized via a 
5 phosphate groups that couples the respective 2 ! - or 3-hydroxyl group of the ribose with the 5 ! OH 
group of the next ribose. Exemplary structures are given below (wherein the nucleoside is in the 
L-configuration): 



RCOO 




0 

o-p 
6 



P=0 N_A 
0 ^ N 



HOOCCH 2 CH 2 COO 




9 ORi 
o <' 



o-p=o N-^A 

e T 



NH 2 



O ORi 
0-P=0 n^A 




COOH 



NH 2 



to" 

RCOO ORi 
Rl=Ac 



Derivatives of cholic acid 

R1=R2=R3=H 
Rl=R2=R3 = Ac 
Rl = H,R2 = Ac,R3-Ac 
Rl =AcR2 = H,R3 = Ac 
Rl=R2 = Ac,R3 = H 
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In a particularly contemplated aspect, the nucleoside analogs are coupled via a disulfide 
bond to a lipophilic moiety, and such exemplary prodrugs have a structure as depicted below 
(with Levovirin in the L-configuration): 



RSS 



O \ XT 



0-P=0 N^>V 
.N 



NH 2 



0 OR, 
0-P = 0 N -^^NH, 

6 <" I 2 

RCOO ORi 
Rl=Ac 




Derivatives of cholic acid 

Rl = R2 = R3 = H 
Rl =R2 = R3 = Ac 
Rl = H,R2 = Ac,R3=Ac 
Rl=AcR2 = H,R3 = Ac 
Rl =R2 = Ac,R3 = H 



5 Still further contemplated Levovirin prodrugs include phosphate esters with lipophilic 

compounds as outlined below (with Levovirin in the L-configuration): 



Rl_C-X-|— O-P-O- 



CH 3 OH 



HO OR2 

x=o,s 

R2=H,Ac 

Rl = Alkyl, lipids, bile acids, fat soluble vitamin, etc. 




Rl=R2-R3 = HorAc L=HOOCCH 2 CH 2 COO 

Bile acid or derivatives Cholesterol derivative Vitamin D derivative 
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Where it is especially desirable that the lipophilic moiety is coupled to Levovirin via a 
disulfide bond, contemplated Levovirin prodrugs may have a structure as depicted below (with 
Levovirin in the ^configuration): 



CH3 



H 2 N' 

R-S-S— I — 0-P-O- 



HO OH 

R = ADcyl, Cholesterol Bile acid, Fat soluble vitamin, or other lipids 




'OR 3 

Rl=R2=R3 = HorAc 
Derivatives of chotic acid 



Cholesterol derivative 



Vitamin D derivative 



5 It is generally contemplated that bio-transformations for the above synthetic schemes 

may be applied to all contemplated nucleoside pro-drugs are as follows (with levovirin in the 
L-configuration): 



r,_S-S — O-P-0 

CH 3 OH 



O w / 



Rl - Lipids, ADcyL Bite acid, 
R 2 -H,Ac 



HO OR 2 



R]-SH 



s =< 



CH 3 



CH 3 



Glutathione 



H-S— ! — O-P-O- 
CH 3 OH 



X-O.S 



0 K -/ 



HO-P-0 
OH 



HO OH 
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Alternatively, contemplated bio-transformations may follow the general scheme as 
outlined below (with Levovirin in the L-configuration): 

o o 

N "N Masking N -N 

HO OH RO OR 

Ribavirin r = h, Acyl, Lipids derivativ 



Biotransformation 1 



u 0 

/ Biotransformation 2 Jj N > 



O j!}^ / Biotransformation 2 lj N ) 

HO-P-O-y 1 ^ HO-^ ~? 

HO OH HO OH 

Ribarvirin monophosphate 

An inhibitor of IMP dehydrogenase 

In further alternative aspects, bio-transformations may be performed as follows: 
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H 2 N 



O CH 3 O 

II I II 

R^C-X-j O-P-0 

CH 3 OH 



X = 0,S 

Rl = Lipids, Alkyl, Bile acid, 
R 2 = H,Ac 



O 

Rj-C-OH 



T * 

HO OR 2 
lipases, esterases 



CH 3 o 

In 
— o-p-o 

CH 3 OH 



X = 0,S 



HO OH 



CH 3 



CH 3 



X = 0,S 



HO-P-0 
OH 



HO OH 



and in still further alternative aspects, the bio-transformation may be performed as shown below: 
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0 




HO OH 



Alkyi, lipids, vitamin, bile acid, etc. 

Glutathione, nonenzymatics 



O 



-SH 




HO OH 



X-O, S.NH 

R - Alkyl, lipids, vitamin, bile acid, etc. 



-V, 

HO OH 



n 2 ll ^ 
CH 2 0-P-O- 

6 



lipases, esterases 



R-COOH H-X— (' V-CH2-O-P-O- N 



1°^ 



HO OH 



<=^^=CH 2 



H 2 N 
O N 
HO-P-0 
OH 



HO OH 
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With respect to the synthesis of contemplated compounds comprising a diazole or 
modified diazole ring, it is contemplated that the synthetic procedure substantially follows a 
protocol as described for the synthesis of Ribavirin (e.g., U.S. Pat. No. 3,798,209 to Witkowski 
et al and U.S. Pat. No. 3,976,545 to Witkowski et al) in which the triazole moiety is replaced 
5 with a modified or unmodified diazole moiety. 

Thus, specific embodiments and applications of nucleoside analog prodrugs have been 
disclosed. It should be apparent, however, to those skilled in the art that many more 
modifications besides those already described are possible without departing from the inventive 
concepts herein. The inventive subject matter, therefore, is not to be restricted except in the spirit 

10 of the appended claims. Moreover, in interpreting both the specification and the claims, all terms 
should be interpreted in the broadest possible manner consistent with the context. In particular, 
the terms "comprises" and "comprising" should be interpreted as referring to elements, 
components, or steps in a non-exclusive manner, indicating that the referenced elements, 
components, or steps may be present, or utilized, or combined with other elements, components, 

15 or steps that are not expressly referenced. 
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CLAIMS 



We claim: 



1 . A nucleoside analog of Formula 1, in which the sugar is either in L- or D-configuration: 



wherein A, C, and D are independently selected from N or C-R9, and wherein R 9 is H, 
halogen, lower alkyl, alkenyl, alkynyl, amino, CN, SH, CHO, COOH, CH 2 OH, 
vinyl halide or hydroxyl; B is N or C; 

Zis O, CH 2 , orS; 

R 2 ' and R 3 ! are independently H, hydroxyl, protected hydroxyl, or halogen; 

Ri, R 2 , R3, R4, R5, are independently H, halogen, CN, CH 2 OH, lower alkyl, vinyl, or 

acetylene, with the proviso that when R 2 is hydroxyl, then R 2 f is not halogen, and 
with the further proviso that when R 3 is hydroxyl, then R 3 ' is not halogen; 

R6 is H, hydroxyl, protected hydroxyl, -CH 2 OH, -CH 2 PO(OH) 2 -, an O-amino acid, 
O-retinoic acid, O-cholesterol, p-cholic acid, 2 0-coumarinic acid, O-salicylic 
acid, O-succinic acid, an O-bile acid, an O-lipid, 0-P(0)-(0-CH 2 -CH 2 -S-CO 
-CH 3 ) 2 , an O-steroid, an O-monophosphate derivative, an O-diphosphate 
derivative, or an O-triphosphate derivative; 

R 7 is H, alkyl, CH3COO-, CH 3 COO-Phenyl-CH 2 -0-CO-, phenyl, -(CH 2 ) n -COOH, 

coumarinic acid, salicylic acid, a dithiosuccinoyl derivative, a reductase cleavable 
group, phosphonoformic acid, or a phosphoramidate group; and 
. Rg is H, lower alkyl, phenyl, CH3COO-, CH 3 COO-Phenyl-CH 2 -0-CO-, phenyl, or 
-(CH 2 )n-COOH; or 

R7 and Rg combined are selected from a cyclic structure or an amino acid, with the 

further proviso that (i) when Ri, R 2 , R 3 , R4, R 5 , R 7 , and Rg are H, and when R 2 ' 
and R 3 ' are hydroxyl, then R$ is not hydroxyl, and (ii) when R lf R 2 , R 3 , R4, R 5 , 
and R% are H, and when R 2 ', R 3 ', and Re are hydroxyl, then R 7 is not H. 




R4 
R 3 ' 



Ri 
R 2 ' 



Formula 1 
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2. A nucleoside analog of Formula 2, in which the sugar is either in L- or D-configuration: 

M 

N v / Formula 2 
N 

RiO^ o 




R 3 '0 OR 3 

wherein X is O or NH; 

Ri is a masking group of the amino group; 

R 2 is H, -CHO, -C(0)R, and -P(0)(OR% where R is C r C 17 alkyl, alkenyl, or aJkynyl, 

and R' is a masking group of the phosphate group; and 
R 3 and Ri are independently H or Ci-Cig acyl, with the proviso that Ri and R 2 are not 

hydrogen at the same time. 

3. A nucleoside analog of Formula 3, in which the sugar is either in L- or D-configuration: 

vr 

HO-v n I Fonnula3 



)-x O I 



HO OH 

where Ri is a masking group selected from the group consisting of: 



o o o 

ii n u 

R-C-O— (CH 2 ) 4 -C— , R — S — S — C — 

O j v o n 

II jf^i, » II 

R " C ~ X ~\ _ /"" CHrO-C— , R — S — S — (CH 2 )2— O — C — tQn d 



O O 
II II 
R— C— S— (CH 2 )2-0-C- 



O 

R-C-X-CHr- ;and 



wherein X is O or S, and R is a Ci-Ci 8 alkyl, alkenyl, alkynyl, aryl, or aralkyl. 
4. A nucleoside analog of Formula 4, in which the sugar is either in L- or D-configuration: 
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5. 




Formula 4 



HO OH 

wherein Ri is H or a masking group of the amino group, and wherein R 2 is a masking 
group of the phosphate selected from the group consisting of: 



o 
ii 

R— C— X— <v /)~ CH * 



R— S — S — (CH2>2 — , 



O 

R ~^ S -^J^ CH? -.and R-C-X-CH^ 

wherein X is O or S } and wherein R is Q-Cis alkyl, alkenyl, alkynyl, aryl, or aralkyl. 
A nucleoside analog of Formula 5, in which the sugar is either in L- or D-configuration: 

R 2°^ O 

HO OH 

wherein Ri is H or a masking group of the amino group; and R2 is a group having a 
structure selected from the group consisting of: 
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o o 

II II 

R-C-S— (CH 2 )2-0-P— } 
R-C-S— (CH 2 )2-0 

o 



o 

■cr\ 



R— C 




o 

II 

M-C— ,and 



o 
ii 



;and 



NH 

M-CH 
I 

O O-M 

wherein R is Cj-Cig alkyl, alkenyl, alkynyl, aiyl, or aralkyl, and wherein M is alkyl, 
alkenyl, alkynyl, aralkyl, aryl, or a hydrophobic group. 

6. A nucleoside analog of Formula 6, in which the sugar is either in the L- or D- 
configuration: 



H 2 N 



NH*HC1 



Formula 6 



HO 



O 



N 




HO OH 

wherein R is hydrogen, hydroxyl, halogen, alkyl, phenyl, vinyl, acetylene, an amide, or 
an amidine. 



7. A nucleoside analog of Formula 7, in which the sugar is either in L- or D- configuration: 

NH*HC1 



N, 



HO 




Formula 7 



HO OH 

wherein X is oxygen, sulphur, Se or NR, and wherein R is H, acetyl, or alkyl. 
8. A method of treating a mammal having a viral infection comprising; 
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providing a pharmaceutical composition comprising a compound selected from the group 
consisting of a compound according to claim 1, a compound according to claim 
2, a compound according to claim 3, a compound according to claim 4, a 
compound according to claim 5, a compound according to claim 6, and a 
compound according to claim 7; and 
administering the pharmaceutical composition to the mammal. 

9. The method of claim 8 wherein the pharmaceutical composition comprises a compound 
selected from the group consisting of a compound according to claim 1, a compound 
according to claim 2, and a compound according to claim 3. 

10. The method of claim 8 wherein the pharmaceutical composition comprises a compound 
selected from the group consisting of a compound according to claim 4, a compound 
according to claim 5, a compound according to claim 6, and a compound according to 
claim 7. 

1 1 . The method of claim 8 wherein the viral infection comprises an infection with an HCV 
virus or an HB V virus, and wherein the mammal is a human. 

12. A method of modulating a cytokine profile in a mammal comprising: 

providing a pharmaceutical composition comprising a compound selected from the group 
consisting of a compound according to claim 1, a compound according to claim 
2, a compound according to claim 3, a compound according to claim 4, a 
compound according to claim 5, a compound according to claim 6, and a 
compound according to claim 7; and 

administering the pharmaceutical composition to the mammal in a dosage effective to 
reduce expression of a type 1 cytokine and stimulate expression of a Type 2 
cytokine. 

13. The method of claim 12 wherein the pharmaceutical composition comprises a compound 
selected from the group consisting of a compound according to claim 1, a compound 
according to claim 2, and a compound according to claim 3. 

14. The method of claim 12 wherein the pharmaceutical composition comprises a compound 
selected from the group consisting of a compound according to claim 4, a compound 
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according to claim 5, a compound according to claim 6, and a compound according to 
claim 7. 



15. The method of claim 12 wherein the mammal is a human. 
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ABSTRACT 



Nucleosides, novel nucleoside analog compounds and their 
novel prodrug forms are disclosed. The novel compounds, 
prodrugs, or pharmaceutically acceptable esters or salts 
thereof may be used in pharmaceutical compositions, and 
such compositions may be used to treat an infection, an 
infestation, a neoplasm, or an autoimmune disease. JTie 
novel compounds may also be used to modulate aspects of 
the immune system, including modulation of Type 1 and 
Type 2 activity. 

7 Claims, 2 Drawing Sheets 
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NUCLEOSIDE COMPOUNDS 

This application claims the benefit of U.S. provisional 
application Nos. 60/182,676 filed Feb. 15, 2000 and 60/189, 
672 filed Mar. 15, 2000, incorporated herein by reference in 
their entirety. 

FIELD OF THE INVENTION 

The present invention relates to the field of nucleoside 
compounds and nucleoside analog compounds. 

BACKGROUND OF THE INVENTION 

A nucleoside comprises two parts: a) a heterocyclic 
nitrogenous base portion, termed a purine or pyriraidine; and 
b) a sugar portion. Nucleoside analogs are compounds that 
are similar in structure and composition to nucleosides, but 
one or more of the substituents differ from naturally occur- 
ring nucleosides. 

Ribavirin (1 -p-D-ribofuranosyl-1 ,2,4-triazole-3- 
carboxamide) is a nucleoside analog that has demonstrated 
efficacy in treating viral diseases both as monotherapy 
(respiratory syncytial virus, Hall, C. B.; McBride, J. T; 
Walsh, E. E.; Bell, D. M.; Gala, C. L.; Hildreth, S.; Ten 
Eyck, L. G.; W. J. Hall. Aerosolized ribavirin treatment of 
infants with respiratory syncytial viral infection. N. Engl. J 
Med. 1983, 308, 1443-1447), and in combination therapy 
with interferon-alpha (hepatitis C virus, Reichard, O.; 
Norkrans, G.; Fryden, A.; Braconier, J-H.; Sonne rborg, A.; 
Weiland, O. Randomized, double blind, placebo controlled 
trial of interferon alpha 2B with and without ribavirin for 
chronic hepatitis C. Lancet 1998, 351, 83-87). Recently 
reported studies indicate that the in vivo utility of ribavirin 
can result not only from direct inhibition of viral replication, 
but also from its ability to enhance T cell-mediated immu- 
nity (Hultgren, C; Milich, D. R.; Weiland, O.; Sallberg, M. 
The antiviral compound ribavirin modulates the T helper 
Typel/Type2 subset balance in hepatitis B and C virus- 
specific immune responses. J. Gen. Virol. 1998, 79, 
2381-2391; Ning, Q.; Brown, D.; Parodo, J.; Cattral, M.; 
Fung, L.; Gorczynski, R.; Cole, E., Fung, L.; Ding, J. W.; 
Liu, M. F.; Rotstein, O.; Phillips, M. J.; Levy, G. ribavirin 
inhibits viral-induced macrophage production of tumor 
necrosis factor, interleukin-1, procoagulant activity fgl2 
prothronibinase and preserves Thl cytokine production but 
inhibits Th2 cytokine response. J. Immunol. 1998, 160, 
3487-3493; Martin, M. J.; Navas, S.; Quiroga, J. A.; Pardo, 
M.; Carreno, V Effects of the ribavirin-interferon alpha 
combination on cultured peripheral blood mononuclear cells 
from chronic hepatitis C patients. Cytokine 1998, 79, 
2381-2391. This immunomodulatory effect of ribavirin is 
demonstrable in vitro by measuring the levels of Type 1 
cytokines produced by activated T cells from both humans 
and mice (Tam, R. C; Pai, B.; Bard, J.; Lim, C; Averett, D. 
R.; Phan, U. T; Milovanovic, T. ribavirin polarizes human 
T cell responses towards a Type 1 cytokine profile. J. 
Hepatol. 1999, 30, 376-382), and by other measures. The 
induction of a Type 1 cytokine bias by ribavirin is function- 
ally significant in vivo in murine systems (Tam, R. C; Lim, 
C; Bard, J.; Pai, B. Contact hypersensitivity responses 
following ribavirin treatment in viva are influenced by Type 
1 cytokine polarization, regulation of I L- 10 expression and 
costimulatory signaling. J. Immunol. 1999, 163, 
3709-3717). 

Mammalian immune systems contain two major classes 
of lymphocytes: B lymphocytes (B cells), which originate in 
the bone marrow; and T lymphocytes (T cells) that originate 
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in the thymus. B cells are largely responsible for humoral 
immunity (i.e., antibody production), while T cells are 
largely responsible for cell-mediated immunity. 

T cells are generally considered to fall into two 
subclasses, helper T cells and cytotoxic T cells. Helper T 
cells activate other lymphocytes, including B cells and 
cytotoxic T cells, and macrophages, by releasing soluble 
protein mediators called cytokines that are involved in 
cell-mediated immunity. As used herein, lymphokines are a 
10 subset of cytokines. 

Helper T cells are also generally considered to fall into 
two subclasses, Type 1 and Type 2. Type 1 cells produce 
inlerleukin 2 (IL-2), tumor necrosis factor (TNFu) and 
interferon gamma (IFNy), and are responsible primarily for 
cell-mediated immunity such as delayed type hypersensitiv- 
ity and antiviral immunity. In contrast, Type 2 cells produce 
interleukins, IL4, 1L5, IL-6, IL-9, IL-10 and IL-13, and are 
primarily involved in assisting humoral immune responses 

^ such as those seen in response to allergens, e.g. IgE and 

20 IgG4 antibody isotype switching (Mosmann, 1989, Annu 
Rev Immunol. 7:145-173). 

As used herein, the terms Type 1 and Type 2 "responses" 
are meant to include the entire range of effects resulting from 

25 induction of Type 1 and Type 2 lymphocytes, respectively. 
Among other things, such responses include variation in 
production of the corresponding cytokines through 
transcription, translation, secretion, and possibly other 
mechanisms, increased proliferation of the corresponding 

30 lymphocytes, and other effects associated with increased 
production of cytokines, including motility effects. 

Previous applications (e.g., 09/291903, now U.S. Pat. No. 
6,130326) which is incorporated herein by reference, relates 
to aspects of our recent discoveries involving the effect of 

35 various nucleosides (which are defined herein to include 
derivatives and analogs of native nucleosides) on selectively 
modulating lymphocyte responses relative to each other. 
Among other things, we have shown that either of Type 1 
and Type 2 responses can be selectively suppressed while 

40 the other is either induced or left relatively unaffected, and 
either of Type 1 or Type 2 responses can be selectively 
induced while the other is either suppressed or left relatively 
unaffected. We have also discovered the surprising fact that 
some nucleosides effective in selectively modulating Type 1 

45 and Type 2 responses relative to one another tend to have a 
bimodal effect. Among other things, some nucleosides that 
lend to generally suppress or induce both Type 1 and Type 
2 activity at a relatively higher dose tend to selectively 
modulate Type 1 and Type 2 relative to each other at 

50 relatively lower doses. 

Viramidine (l-P-D-ribofuranosyl-l,2,4-triazole-3- 
carboxamidine hydrochloride) has been shown active in ten 
different viruses that are comparable to ribavirin. (J. T. 
Witkowski, R. K. Robins, G. P. Khare, R. W. Sidwell, J. 

55 Med. Chem., 16, 935-937, 1973; R. W. Sidwell, J. H. 
Huffman, D. L. Barnard, D. Y. Pifat, Antiviral Research, 10, 
193-208, 1988; B. Gabrielsen, M. J. Phelan, L. Barthel- 
Rosa, C. See, J. W. Huggins, D. F Kefauver, T. P. Monalh, 
M. A. Ussery, G. 

60 N. Chmurny, E. M. Schubert, K. Upadhya, C. Kwong, D. 
A. Carter, J. A. Secrist III, J. J. Kirsi, W. M. Shannon, R. W. 
Sidwell, G. D. Kini, R. K. Robins, J. Med. Chem. y 35, 
3231-3238, 1992). In addition, Viramidine™, like ribavirin, 
is an inhibitor of IMP dehydrogenase (R. C. Willis, R. K. 

65 Robins, J. E. Seegmiller, Molecular Pharmacology, 18, 
287-295, 1980). Furthermore, preliminary toxicology stud- 
ies suggest that Viramidine™ is less toxic than ribavirin (D. 
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Y Pifat, R. W. Sidwell, P. G. Canonico, Antiviral Research, 
9, 136, 1988). Also, recent studies at our lab (R. Tarn, K. 
Ramasaniy, 1CN Pharmaceuticals, Inc., unpublished results, 
1999) revealed that Viramidine™ and ribavirin exhibited 
similar immunomodulatory properties. These results 5 
coupled with low bioavailability and the toxicity associated 
with ribavirin prompt us not only to develop Viramidine™ 
for other viral diseases but also to prepare other derivatives 
of viramidine, including the synthesis of prodrugs of 
viramidine, and screen them as potential antiviral agents. 

Ribavirin and Levovirin™ are similar with respect to 
structure, except that Levovirin™ is the L-configuration of 
the compound and has a substantially reduced toxicity. For 
example, while oral administration of ribavirin in rats at 180 
mg/kg over four weeks produced significant hemolytic ane- 1S 
mia and leukopenia, Levovirin™ did not produce any 
observable clinical pathology. Furthermore, it is contem- 
plated that treatment of a viral disease with Levovirin™ is 
predominantly based on the modulation of the Thl/Th2 
balance towards a Thl dominated response, and not pre- nQ 
dominantly based an a direct antiviral effect. The term 
"direct antiviral" effect or activity as used herein refers to an 
immediate effect or activity of a drug on viral assembly or 
replication. In contrast, a reduction of viral activity or 
replication that is at least in part mediated by one or more 25 
components of the immune system is not considered a 
"direct antiviral" effect or activity. Likewise, it should be 
appreciated that a relative reduction of the Th2 response 
during a treatment may be especially advantageous in dis- 
eases that are correlated with an increased Th2 response 30 
(e.g., HCV infection). 

The effect of other nucleoside analog compounds on 
selectively modulating lymphocyte responses relative to 
each other has not been previously studied or documented. 
We have discovered that the bimodal effect, or selective 35 
modulation of Type 1 and Type 2 responses relative to one 
another, also occurs after administration of other nucleoside 
analog compounds, such as pro-drug forms of the com- 
pounds. 

There are many barriers to overcome in developing bio- 40 
logically active compounds into clinically useful agents. 
Many potent biologically active compounds never become 
clinically useful agents because of their undesirable biop- 
harmaceutical properties which include low bioavailability 
due to low permeability through biological barriers, such as 45 
the blood brain barrier (BBB) and the intestinal barrier. 
Although many factors affect the bioavailability of a drug, 
the undesirable physicochemical properties (e.g., charge, 
lipophilicity, hydrogen bonding potential, size) of many 
drugs is probably one of the most commonly encountered 50 
factors that hinder the permeation of drugs through biologi- 
cal barriers. Itierefore, optimization of the physicochemical 
characteristics (charge, lipophilicity, hydrogen bonding 
potential, size) of a drug is probably the most likely general 
strategy to facilitate the transport of drugs through such 55 
membrane barriers. 

To optimize the physicochemical properties of drugs, one 
possible strategy is that of prodrugs. (H. Bundgaard, Design 
of Prodrugs, Elsevier, Amsterdam, 1985; N. Bodor, L. 
Prokai, W. M. Wu, H. Farag, S. Jonalagadda, M. Kawamura, 60 
J. Simpkins, Science, 257, 1698-1700, 1992; H. E. Tavlor, 
K. B. Sloan, J. Pharm. Sci, 87, 5-20, 1998). The term 
prodrug is used to describe an agent, which must undergo 
chemical or enzymatic transformation to the active or parent 
drug after administration, so that the metabolic product or 65 
parent drug can subsequently exhibit the desired pharmaco- 
logical response. By derivatizing certain polar functional 



groups in small organic molecules transiently and 
bioreversibly, the undesirable physicochemical characteris- 
tics (e.g., charge, hydrogen bonding potential) of these 
groups have been "masked" without permanently altering 
the pharmacological properties of the molecules. This strat- 
egy has been very successfully used in cases where the 
prodrug derivatization involves converting a carboxyl or a 
hydroxy! functional group into an ester, which can be readily 
hydrolyzed in vivo either chemically, or enzymatically. The 
promising prodrug concept, we anticipate that the introduc- 
tion of other moieties in the parent drug would increase the 
bioavailability, adsorption, and antiviral effects. 

Despite the existence of as-yet undefined mechanisms, we 
have discovered that enormous potential benefits can be 
derived from selective modulation of Type 1 and Type 2 
responses relative to each other. We have concluded, for 
example, that specific modulation of Type 1 relative to Type 
2 can be useful in treating a wide variety of conditions and 
diseases, ranging from infections, infestations, tumors and 
hypersensitivities to autoimmune diseases. 

These discoveries are especially significant because 
modem treatment strategies for many of the above-listed 
diseases have limited effectiveness, significant side effects, 
or both. Treatment of autoimmune disease, for example, is 
frequently limited to palliative measures, removal of toxic 
antibodies (as in myasthenia gravis), and administration of 
hazardous drugs including corticosteroids, chloroquine 
derivatives, and antimetabolic or antitumor drugs, and drugs 
such as cyclosporines that target immune system cells. 

SUMMARY 

'llie present invention is directed to novel nucleoside 
analog compounds and related compounds, such as 
prodrugs, their therapeutic uses and synthesis. 

In one aspect of the invention, there arc provided 
nucleosides, nucleoside analog compounds and nucleoside 
prodrugs of the generalized Formula 1, in which the sugar is 
either in the L-or D-conformation: 

R— Nu 

where Nu is a nucleoside or nucleoside analog compound; 
and R, which may or may not be present, comprises a ligand, 
otherwise termed a substituent, that is designed to modify 
the nucleoside through modification of the sugar, the base, 
or in some cases both the sugar and the base. 

In one aspect of the invention, there are provided nucleo- 
side analog compounds and prodrugs of Formula 1, in which 
the sugar is either in the L- or D-conformation: 

Formula 3 




wherein: A, C and D are independently selected from N or 
C — R 9 ; R Q is independently H, halogens, lower alkyl, 
alkenyl, alkynyl, amino, CN, SH, CHO, COOH, CH 2 OH, 
vinyl halide or hydroxyl; Z is independently selected from 
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0, CH 2 or S; R is independently selected from H, hydroxyl, 
protected hydroxyl or halogens; R„ R 2 , R 3 , R 4 , R 5 , are 
independently selected from H, halogens, CN, CH 2 OH, 
lower aikyl, vinyl or acetylene; when R 2 is hydroxyl, then, 
R that is attached to the same carbon as that of R 2 is not 
halogen; when R 3 is hydroxyl, then, R that is attached to the 
same carbon as that of R 3 is not halogen; R 6 is independently 
selected from H, hydroxyl, protected hydroxyl, — CH 2 OH, 
— CH 2 PO(OH) 2 — , O-amino acids, O-retinoic acid, 
O-cholesteral, O-cholic acid, O-coumarinic acid, O-salicylic 
acid, O-succinic acid, O-bile acid, O-lipids, O — P(0) — 
(0 — CH 2 — CH 2 — S — CO — CH 3 ) 2 ; O -steroids; 
O-monophosphate derivatives, O-diphosphate derivatives or 
O-triphosphate derivatives; R 7 is independently selected 
from H, aikyl, CH 3 COO— , CH 3 C0O-Phenyl-CH 2 — O— 
CO — , phenyl, — (CHJn — COOII, coumarinic acid, sali- 
cylic acid, dithiosuccinoyl derivatives, reductase mediated 
cleavable groups, pbosphonoformic acid or phosphorami- 
dates groups; R 8 is independently selected from H, HHC1, 
HHBr, lower aikyl, phenyl, CH 3 C0O— , CH 3 COO-Phenyl- 
CH 2 — O— CO— , phenyl, or — (CH 2 )n— COOH; R 7 and R 8 
combined arc selected from cyclic structure or amino acids. 

In another aspect of the invention, there are provided 
nucleoside analog compounds and prodrugs of Formula 3, in 
which the sugar is either in the L- or D-conformation: 



R — C — O (CHV)4— c 



rco — x 




CH 2 — O — C- 



10 R C S CH 2 — CH 2 — O C- 



R S S CH 2 — CH 2 — O — C- 



where X is O or S; R is C1-C18 aikyl, alkenyl, alkynyl, aryl, 
and aralkyl, straight or branched. 

In another aspect of the invention, there are provided 
nucleoside analog compounds and prodrugs of Formula 5, in 
which the sugar is either in the L- or D -conformation: 




Formula 3 



R3O 



OR 3 



35 



40 



X 

^ // 
N K 



Formula 5 



H \ N 

?, / w 




wherein X is O or Nil; R 1 is a masking group of the amino 
group; R 2 is selected from H, HCO — , R — C(O) — , and 
(R'0) 2 P(6)— O— , where R is C1-C17 aikyl alkenyl, or 
alkynyl group and R' is a masking group of the phosphate; 
R 3 is independently H or C1-C18 acyl; R 2 and R 2 are not 
hydrogen at the same time. 

In another aspect of the invention, there are provided 
nucleoside analog Compounds and prodrugs of Formula 4, 
in which the sugar is either in the L- or D-conformation: 

Formula 4 




where Rl is II or a masking group as designated in claim 2; 
R2 is a masking group of the phosphate having any of the 
following structures: 



55 




where X is 0, or S; Ris C1-C18 aikyl, alkenyl, alkynyl, aryl, 
aralkyl straight or branched; R", R" are selected from H, 
aikyl, aryl but R' and R'" are not hydrogen at the same lime. 



65 In another aspect of the invention, there are provided 
where R is a masking group having any of the following nucleoside analog compounds and prodrugs of Formula 6, in 
structures: which the sugar is either in the F- or D-conformation: 



7 
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Formula 6 




HO OH 



where R 1 is H or a masking group as designated in claim 2; 
R 2 is a masking group of the phosphate having any of the 
following structures: 

o o 

ii ii 

R C S CH 2 — CH 2 — O P O 



R C — S — CH : CH 2 — O 




where R is C1-C18 alkyl, alkenyl, alkynyl, aryl, and aralkyl, 
straight or branched; 

M is selected from alkyl, alkenyl, alkynyl, aralkyl, aryl, 
and a group of hydrophobic compounds such as cholesterol, 
vitamin D derivative, and cholic acid derivatives bearing a 
linker which can be covalently attached to the carbonyl 
group. 

65 

In yet another aspect of the invention, there are provided 
nucleoside analog compounds and prodrugs of Formula 7: 



Formula 7 

NH-HCl 




OH OH 
Viramidinc-ICN3142 



15 

In another aspect of the invention, there are provided 
nucleoside analog compounds and prodrugs of Formula 8: 

20 Formula 8 

O 



25 




Ribavirin 

30 

In yet another aspect of the invention, there are provided 
nucleoside analog compounds and prodrugs of Formula 9: 

35 

Formula 9 

O 



40 




HO OH 
Levovirin 



In another aspect of the invention, there are provided 
nucleoside analog compounds and prodrugs of Formula 10: 



Formula 5 

NH'HCl 



55 




wherein: R is independently selected from hydrogen, 
halogens, amide, amidines, alkyl, phenyls, vinyl, or acety- 
lene; 
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In another aspect of the invention, there are provided 
nucleoside analog compounds and prodrugs of Formula 11: 

Formula 6 




5 



10 



HO OH 

15 

wherein: X is independently selected from oxygen, 
sulphur, Se or NR; R is independently selected from 
hydrogen, acetyl or alkyl; In another aspect of the 
invention, there arc provided nucleoside analog com- 
pounds and prodrugs of Formula 12: 20 

Formula 7 

O 




25 



30 



HO OH 



In yet another aspect of the invention, a pharmaceutical 
composition comprises a therapeutically effective amount of 
any one or a combination of Formulas 1-12, or a pharma- 
ceutically acceptable ester or salt thereof admixed with at 
least one pharmaceutical! y acceptable carrier. 

In yet another aspect of the invention, a pharmaceutical 
composition comprises a pro-drug form of any one or a 40 
combination of Formulas 1-12, or a pharmaceutical^ 
acceptable ester or salt thereof admixed with at least one 
pharmaceutical^ acceptable carrier. 

In a further aspect of the invention, a compound according 
to any one of Formulas 1-12 are used in the treatment of any 45 
condition which responds positively to administration of the 
compound, and according to any formulation and protocol 
which achieves the positive response. Among other things, 
it is contemplated that compounds of Formulas 1-12 may be 
used to treat an infection, an infestation, a cancer, tumor or 50 
other neoplasm, giant cell arteritis, or an autoimmune dis- 
ease. 

BRIEF DESCRIF1ION OF THE FIGURES 
FIG. 1 is a graphical depiction of Viramidine™ (1.39 55 
//g/ml), ribavirin (1.22 /*g/ml), and Levovirin™ 1.22 //^ml) 
on Type 1 cytokine synthesis in Staphylococcal Enterotoxin 
B-aclivated human T-cells. The data are mean and SEM for 
7 donors. 

FIG. 2 is a graphical depiction of the effect of 0.625-10 60 
/*M Viramidine™ on Type 1 cytokine synthesis in Staphy- 
lococcal Enterotoxin B-activated human T cells. The data 
represent 4 individual donors. 

DETAILED DESCRIPTION 65 

Where the following terms are used in this specification, 
they are used as defined below. 
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The terms "nucleoside" and "nucleoside analog com- 
pound" arc interchangeable and refer to a compound com- 
posed of any pentose or modified pentose moiety attached to 
a specific position of a heterocycle, aromatic heterocycle or 
to the natural position of a purine (9-position) or pyrimidine 
(1 -position) or to the equivalent position in an analog. 

The term "nucleotide" refers to a phosphate ester substi- 
tuted on the 5 -position of a nucleoside. 

The term ''heterocycle" refers to a monovalent saturated 
or unsaturated carbocyclic radical having at least one hetero 
atom, such as N, O or S, within the ring each available 
position of which can be optionally substituted, 
independently, with, e.g., hydroxy, oxo, amino, imino, lower 
alkyl, bromo, chloro and/or cyano. Included within this class 
of substituents are purines, pyrimidines. 

The term "purine" refers to nitrogenous bicyclic hetero- 
cycles. 

The term "pyrimidine" refers to nitrogenous monocyclic 
heterocycles. 

The term "D-nuclcosides" refers to the nucleoside com- 
pounds that have a D-ribosc sugar moiety (e.g., Adenosine). 

The term "L-nucleosides" refers to the nucleoside com- 
pounds thai have an L-ribose sugar moiety. 

The terms "L-configuralion" and "D-configuration" are 
used throughout the present invention to describe the chemi- 
cal configuration of the ribofuranosyl moiety of the com- 
pounds that is linked to the pyrrolo-pyrimidone portion of 
the molecule. 

The term "C-nucleosides" is used throughout the speci- 
fication to describe the linkage type that formed between the 
ribose sugar moiety and the heterocyclic base. In 
C-nucleosides, the linkage originates from the C-l position 
of the ribose sugar moiety and joins the carbon of the 
heterocyclic base. The linkage that forms in C-nucleosides is 
carbon-to-carbon type. 

The term "N-nucleosides" is used throughout the speci- 
fication to describe the linkage type that formed between the 
ribose sugar moiety and the heterocyclic base. In 
N-nucleosides, the linkage originates from the C-l position 
of the ribose sugar moiety and joins the nitrogen of the 
heterocyclic base. The linkage that forms in N-nucleosides 
is carbon to nitrogen type. 

The term "protecting group" refers to a chemical group 
that is added to, oxygen or nitrogen atom to prevent its 
further reaction during the course of derealization of other 
moieties in the molecule in which the oxygen or nitrogen is 
located. A wide variety of oxygen and nitrogen protecting 
groups are known to those skilled in the art of organic 
synthesis. 

The term "lower alkyl" refers to methyl, ethyl, n-propyl, 
isopropyl, n-butyl, t-butyl, i-bulyl, or n-hexyl. This term is 
further exemplified to a cyclic, branched or straight chain 
from one to six carbon atoms. 

The term "aryl" refers to a monovalent unsaturated aro- 
matic carbocyclic radical having a single ring (e.g., phenyl) 
or two condensed rings (e.g., naphthyl), which can option- 
ally be substituted with hydroxy 1, lower alky, chloro, and/or 
cyano. 

The term "heterocycle" refers to a monovalent saturated 
or unsaturated carbocyclic radical having at least one hetero 
atom, such as N, O, S, Se or F, within the ring, each available 
position of which can be optionally substituted or 
unsubstituted, independently, with hydroxy, oxo, amino, 
imino, lower alkyl, bromo, chloro, and/or cyano. 

The term "monocyclic" refers to a monovalent saturated 
carbocyclic radical having at least one hetero atom, such as 
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O, N, S, Se or P, within the ring, each available position of 
which can be optionally substituted, independently, with a 
sugar moiety or any other groups like bromo, chloro and/or 
cyano, so that the monocyclic ring system eventually aro- 
matized [e.g., Thymidine]. 5 

The terms "immunomodulator" and "modulator" arc 
herein used interchangeably and refers to natural or syn- 
thetic products capable of modifying the normal or aberrant 
immune system through stimulation or suppression. 

The term "effective amount'' refers to the amount of a 
compound of formula (I) that will restore immune function 
to normal levels, or increase immune function above normal 
levels in order to eliminate infection. 

The compounds of Formulas 1-12 may have multiple 
asymmetric centers. Accordingly, they may be prepared in 
either optically active form or as a racemic mixture. 'iTie 
scope of the invention as described and claimed encom- 
passes the individual optical isomers and non-racemic mix- 
tures thereof as well as the racemic forms of the compounds 
of Formulas 1-12. 

The term "a" and "P" indicate the specific stereochemical 
configuration of a substituent at an asymmetric carbon atom 
in a chemical structure as drawn. 

The term "cnantiomers" refers to a pair of stereoisomers 
that are non-superimposable mirror images of each other A 
mixture of a pair of cnantiomcrs, in a 1:1 ratio, is a 
"racemic" mixture. 

The term "Isomers" refers to different compounds that 
have the same formula. "Stereoisomers" are isomers that 
differ only in the way the atoms are arranged in space. 

"Pharmaceutical^ acceptable salts" may be any salts 
derived from inorganic and organic acids or bases. 



Compounds 

The present invention is directed to novel nucleoside 
analog compounds and related compounds, such as 
prodrugs, their therapeutic uses and synthesis. 

In one aspect of the invention, there are provided 
nucleosides, nucleoside analog compounds and nucleoside 
prodrugs of the generalized Formula 1, in which the sugar is 
either in the L-or D -conformation: 



R— Nu 

where Nu is a nucleoside or nucleoside analog compound; 
and R, which may or may not be present, comprises a ligand, 60 
otherwise termed a substituent, that is designed to modify 
the nucleoside through modification of the sugar, the base, 
or in some cases both the sugar and the base. 

In one aspect of the invention, there are provided nucleo- 65 
side analog compounds and prodrugs of Formula 1, in which 
the sugar is either in the L- or D-conformation: 



Bl 
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Formula I 




R R 



wherein: X and Y are independently selected from N or 
C — Rg; R 9 is independently H, halogens, lower alkyl or 
hydroxyl; Z is independently selected from O or S; R is 
independently selected from H, hydroxyl, or protected 
20 hydroxyl; R 3> R 2 , R 3 , R 4 , R 5 , are independently selected 
from II, halogens, CN, lower alkyl, vinyl or acetylene; when 
R 2 is hydroxyl, then, R that is attached to the same carbon 
as that of R 2 is not halogen; when R 3 is hydroxyl, then, R 
that is attached to the same carbon as that of R, is not 

25 

halogen; R 6 is independently selected from H, hydroxyl, 
protected hydroxyl, — CH 2 OII, — CII 2 PO(OII) 2 — , 
O-amino acids, O-retinoic acid, O-cholesterol, O-lipids, 
O — P(O) — (O — CH 2 — CH 2 — S — CO — CH 3 ) 2 ; O-steroids; 
30 O-monophosphatc, O -diphosphate or 0- triphosphate; R 7 is 
independently selected from H, alkyl, CH 3 C00 — , 
CH 3 COO-Phenyl-CH 2 — OCO— , phenyl, or — (CH 2 )n— 
COOH; R 8 is independently selected from H, HHC1, HHBr, 
lower alkyl, phenyl, CH 3 COO— , CH 3 COO-Phenyl-CH 2 — 
35 O— CO— , phenyl, or — (CH 2 )n — COOH; R 7 and R 8 com- 
bined are selected from cyclic structure or amino acid. 

In another aspect of the invention, there are provided 
40 nucleoside analog compounds and prodrugs of Formula 3, in 
which the sugar is either in the L- or D-conformation: 

Formula 3 




R3O OR 3 



wherein X is O or NH; \K 1 is a masking group of the amino 
group; R 2 is selected from H, HCO— , R — C(O) — , and 
(R'0) 2 P(6)— 0— , where R is C1-C17 alkyl alkenyl, or 
alkynyl group and R' is a masking group of the phosphate; 
R 3 is independently H or C1-C18 acyl; and Rj and R 2 arc 
not hydrogen at the same time. 

In another aspect of the invention, there are provided 
nucleoside analog compounds and prodrugs of Formula 4, in 
which the sugar is either in the L- or D-conformation: 
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Formula A 




-continued 



R — C — X — CH->- 



10 



HO OH 



where R is a masking group having any of the following 15 
structures: 

o o 

ii ii 

R C O (CH2> 4 — C 



where X is O, or S; R is C1-C18 alkyl, alkenyl, alkynyl, 
aryl, aralkyl straight or branched; R', R" are selected from H, 
alkyl, aryl but R* and R" are not hydrogen at the same time. 

In another aspect of the invention, there are provided 
nucleoside analog compounds and prodrugs of Formula 6, in 
which the sugar is either in the L- or D-con formation: 

Formula 6 



RCO — X- 




\ / 



CH 2 — O — C- 



R C S CH 2 — CH 2 — O — C 




R S S C 

O 
II 

R S S CH 2 — CH 2 — O — C- 

O 

II 

K C X CH-y 



where R-, is H or a masking group as designated in claim 2; 
R 2 is a masking group of the phosphate having any of the 
following structures: 



where X is O or S; R is C1-C18 alkyl, alkenyl, alkynyl, aryl, 
and aralkyl, straight or branched. 

In another aspect of the invention, there are provided 
nucleoside analog compounds and prodrugs of Formula 5, in 
which the sugar is either in the L- or D-conformation: ^ 



Formula 5 




O O 

II II 
R C S CH 2 — CH 2 — O P O- 

R C S CII 2 CH 2 O 





\_J~\ 



o 

II 

o — p — o- 
I 

NH 



Me CH 

I 

O^OMe 



HO OH 



-O P- 



where R 3 is II or a masking group as designated in claim 2; 55 
R 2 is a masking group of the phosphate having any of the 
following structures: 



R — o 

o 




60 



65 



where R is C1-C18 alkyl, alkenyl, alkynyl, aryl, aralkyl 
straight or branched; M is selected from alkyl, alkenyl, 
alkynyl, aralkyl, aryl, and a group of hydrophobic 
compounds such as cholesterol, vitamin D derivative, 
cholic acid derivatives bearing a linker which can be 
covalently attached to the carbonyl group. 
In yet another aspect of the invention, there are provided 
nucleoside analog compounds and prodrugs of Formula 7: 



IS 
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Formula 7 

NH-HC1 




OH OH 
Viramidine - ICN 3142 



In another aspect of tbe invention, there are provided 
nucleoside analog compounds and prodrugs of Formula 8: 

Formula 8 

O 




HO OH 

Ribavirin 



In yet another aspect of the invention, there are provided 
nucleoside analog compounds and prodrugs of Formula 9: 

Formula 9 

O 




Levovirin 



In another aspect of the invention, there are provided 
nucleoside analog compounds and prodrugs of Formula 10: 

Formula 10 

NH-HQ 




wherein: R is independently selected from hydrogen, 
halogens amide, amidines, alkyl, phenyls, vinyl, or acety- 
lene. 

In another aspect of the invention, there are provided 
nucleoside analog compounds and prodrugs of Formula 1 1 : 



Formula 11 

NH-HC1 



5 



10 




HO 



wherein: X is independently selected from oxygen, sulphur, 
15 Se or NR; R is independently selected from hydrogen, 
acetyl, or alkyl. 

In another aspect of the invention, there are provided 
nucleoside analog compounds and prodrugs of Formula 12: 

20 Formula 12 

O 



25 




Uses 

It is contemplated that compounds according to Formulas 
1-9, the compounds of the present invention, will be used to 

35 treat a wide variety of conditions, and in fact any condition 
which responds positively to administration of one or more 
of the compounds. Among other things it is specifically 
contemplated that compounds of the invention may be used 
to treat an infection, an infestation, a cancer or tumor or an 

40 autoimmune disease. It is further contemplated that the 
compounds of the invention may be used to target conditions 
or diseases in specific organs of a patient, such as the liver 
or heart. 

Infections contemplated to be treated with the compounds 
45 of the present invention include respiratory syncytial virus 
(RSV), hepatitis B virus (HBV), hepatitis' C Virus (HCV), 
herpes simplex type 1 and 2, herpes genitalis, herpes 
keratitis, herpes encephalitis, herpes zoster, human immu- 
nodeficiency virus (HIV), influenza A virus, hantann virus 
50 (hemorrhagic fever), human papilloma virus (HPV), 
measles, and fungus. 

Infestations contemplated to be treated with tbe com- 
pounds of the present invention include protozoan 
infestations, as well as helminth and other parasitic infesta- 
tions. 

55 Cancers or tumors contemplated to be treated include 
those caused by a virus, and the effect may involve inhib- 
iting the transformation of virus-infected cells to a neoplas- 
tic stale, inhibiting the spread of viruses from transformed 
cells to other normal cells and/or arresting the growth of 

60 virus-transformed cells. 

Autoimmune and other diseases contemplated to be 
treated include arthritis, psoriasis, bowel disease, juvenile 
diabetes, lupus, multiple sclerosis, gout and gouty arthritis, 
rheumatoid arthritis, rejection of transplantation, giant cell 

65 arteritis, allergy and asthma. 

Still other contemplated uses of the compounds according 
to the present invention include use as intermediates in the 
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chemical synthesis of other nucleoside or nucleotide analogs 
that are, in turn, useful as therapeutic agents or for other 
purposes. 

In yet another aspect, a method of treating a mammal 
comprises administering a therapeutically and/or prophylac- 
tically effective amount of a pharmaceutical containing a 
compound of the present invention. In this aspect the effect 
may relate to modulation of some portion of the mammal's 
immune system, especially modulation of lymphokines pro- 
files of Type 1 and Type 2 with respect to one another. Where 
modulation of Type 1 and Type 2 lymphokines occurs, it is 
contemplated that the modulation may include suppression 
of both Type 1 and Type 2, or suppression of Type 1 and 
stimulation of Type 2. 

In general, the most preferred uses according to the 
present invention are those in which the active compounds 
are relatively less cytotoxic to the non-target host cells and 
relatively more active against the target. In this respect, it 
may also be advantageous that L-nucleosides may have 
increased stability over D-nucleosides, which could lead to 
better phannacokinetics. This result may attain because 
L-nucleosides may not be recognized by enzymes, and 
therefore may have longer half-lives. 

It is contemplated that compounds according to the 
present invention will be administered in any appropriate 25 
pharmaceutical formulation, and under any appropriate pro- 
tocol. Thus, administration may take place orally, parenter- 
ally (including subcutaneous injections, intravenous, 
intramuscularly, by intrastemal injection or infusion 
techniques), by inhalation spray, or rectally, topically and so 30 
forth, and in dosage unit formulations containing conven- 
tional non-toxic pharmaceutically acceptable carriers, 
adjuvants, and vehicles. 

By way of example, it is contemplated that compounds 
according to the present invention can be formulated in 35 
admixture with a pharmaceutically acceptable carrier. For 
example, the compounds of the present invention can be 
administered orally as pharmacologically acceptable salts. 
Because the compounds of the present invention are mostly 
water soluble, they can be administered intravenously in 40 
physiological saline solution (e.g., buffered to a pH of about 
7.2 to 7.5). Conventional buffers such as phosphates, bicar- 
bonates or citrates can be used for this purpose. Of course, 
one of ordinary skill in the art may modify the formulations 
within the teachings of the specification to provide numer- 45 
ous formulations for a particular route of administration 
without rendering the compositions of the present invention 
unstable or compromising their therapeutic activity. In 
particular, the modification of the present compounds to 
render them more soluble in water or other vehicle, for 50 
example, may be easily accomplished by minor modifica- 
tions (salt formulation, esterification, etc.) that are well 
within the ordinary skill in the art. It is also well within the 
ordinary skill of the art to modify the route of administration 
and dosage regimen of a particular compound in order to 55 
manage the pharmacokinetics of the present compounds for 
maximum beneficial effect in patients. 

In certain pharmaceutical dosage forms, the pro-drug 
form of the compounds, especially including phosphonated 
prodrug forms, acylated (acetylated or other) derivatives, 60 
esters and pyridine esters and various salt forms of the 
present compounds are preferred and can be administered in 
a method of treatment of a condition of a patient. One of 
ordinary skill in the art will recognize how to readily modify 
the present compounds to pro-drug forms to facilitate deliv- 65 
ery of active compounds to a target site within the host 
organism or patient. One of ordinary skill in the art will also 
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take advantage of favorable pharmacokinetic parameters of 
the pro-drug forms, where applicable, in delivering the 
present compounds to a targeted site within the host organ- 
ism or patient to maximize the intended effect of the 
compound. 

The formation of desirable prodrug compounds takes 
place through the modification of either the sugar portion or 
the base portion of the nucleoside. The sugar and/or the base 
portions can be modified by 1) placing substituents at 
different positions on the sugar or base of the compound; 2) 
placing different chemical substitucnts, or ligands, at a 
15 particular position on the sugar or base of the compound; 
and/or 3) designing the substituent placement and makeup 
around the target desired, such as the liver, brain or stomach, 
thus creating a "target-specific" compound. 

Substituents, or ligands, can be placed at different posi- 
tions on the sugar or base of the compound. In preferred 
embodiments, the substituents or ligands can be placed on 
the 3, 4, 5, or 5' position of the sugar portion of the 
nucleoside. In other preferred embodiments, the substituents 
or ligands can be placed on the base portion of the nucleo- 
side to modify the base portion of the nucleoside without 
disrupting the aromaticity or conjugation within the purine 
or pyrimidine base rings. 

Different chemical substituents, or ligands, can be 
covalently linked to a particular position on the sugar and/or 
base of the compound. The ligands or substituents can 
comprise components that are designed to be drugs or 
components that arc designed to be non-drugs. The ligands 
or substituents can also comprise components that are 
designed to be active components or inert components. The 
ligands or substituents can also be designed to comprise a 
certain size or length, or even to reflect a specific polarity. 
Contemplated ligands include alkyl, alkylene, alcohols, 
amines, amides, su If ones, sulfides, esters, ketones, carboxy- 
lic acids, metal ions, transition metal ions, aromatic 
compounds, heterocyclic aromatic compounds, cyclic 
compounds, heterocyclic compounds, and heteroacyclic 
compounds. 

The prodrug form of the nucleoside can also be designed 
to be "targe l -specific", meaning that the entire composition 
of the molecule, including additional substituents or ligands, 
has been designed to target a particular part of a patient, such 
as the liver, brain, or stomach. The prodrug form of the 
nucleoside can also be modified or designed to become 
reactive or react in trace llularly or extracellularly. 

A contemplated example of the formation of a pro-drug 
form of the compounds disclosed herein is as follows. One 
of the simplest prodrug forms of Viramidine™ is the tri-O- 
acctyl derivative of viramidine. Viramidine may be replaced 
in the following example with ribavirin, 

Levovirin™, or any of the other contemplated nucleosides 
of the present inventive subject matter. 
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Scheme 1 



20 

Scheme 4 



NH'HCl 




NH-NCl 



ii. HCl/Ether 



IfeN >c N ^ O 



L EDC/DMAP/Vtramidinc 
ii. HCl/Ether 



AcO OAc 



S'-Retinoyl derivative of Viramidine™ is another simple 15 
prodrug and been prepared as follows: 



Scheme 2 



Retinoic 



j. (COCl) 2 



ii. Viramidine/DMAP 
UL HCl/Ether 




NH-NCl 




H 2 N ^ N 25 

N. 



Q 

Retinoic acid radical O 7 



Amino acid esters are considered yet another class of 
prodrugs can be synthesized as shown below: 



Amino Acid 



Scheme 5 

j. EIXTDMAP/Viramidine 
ii. Pd/C/HCl/Dioxanc * 



H 

HO OH 



30 



NH'NCl 




Other 5'-derivalives of Viramidine™ includes the follow- 
ing. Most of these compounds may be obtained as described 35 
(C. Sergheraert, C. Pierlot, A. Tartar, Y. Henin, M. Lemaitre, 
J. Med. Chem., 36, 826^830, 1993). 



Amino Acid — O' 



NH-NCl 




HO 




40 



O 

N 

HO OH 

R = CH 2 (CHjJn CH 3 

R = O — CH 2 (CH2)i3 CH 3 

R = N — CH 2 (CH 2 )i3 CHs 

\=/ 



For specific delivery of drugs to the liver and the biliary 
system the endogenous bile acid transport system is an 
attractive candidate. Synthesis of bile acid conjugates of 
45 Viramidine™ could be accomplished as represented below: 



Scheme 6 

i. EDC/DMAP/Viiamidine 

ii. HCl/Dioxanc 




H 2 N ^ N 

N 



55 




o 

N 



Cholic Acid O' 




Nucleotide derivatives are another class of prodrugs. 
Preparation of protected 5'-monophosphate derivatives are 
shown in Scheme 7. Protecting the negative charges of 
Other groups for R include bile acids, lipids, cholic acid, 65 phosphates with neutral substituents would form more lipo- 
cholesterol derivatives, and vitamins. Synthesis of salicylic- philic derivatives, which is expected to revert back to the 
based prodrug of Viramidine™ may be obtained as follows: corresponding monophosphates once inside a living cell. 
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O \ i lH-Tetrazo 

// \ i. lH-Tema* 

'"A A-0+P-N (i P,) 2 s _ aavv 

s A iii- HCt/Dio> 



Te trazole/THF/Viramidine 
^Teirrazolc/THFA'irmidinc 
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-continued 



N1MIC1 



C0 3 H/'CH2C1 2 
iii. HQ/Dioxanc 



NH'NCl 




H 2 N 




\ 0 
-O+P — O 



T > 



R S S Ph CH^ 1 




O 

N 

o— P 



HO 



OH 15 



R = Alkyl, lipids, vitamins, 
bile acids, Cholesterol derivatives 



Rj is alkyl groups such as CH 3 C(0)S— CHXH,— ; 
(CH 3 ) 2 CHC(0)S— CH 2 CH 2 — ; (CH 3 ) 3 CC(0)S— 
CH,CH,-; (CH 3 ) 3 CC(0)OCH.— ; C6H S C(0)S— 
CH 2 CH 2 — or HOCH 2 CH 2 SS— CHXH 2 — . 20 

Amino acid phosphoramidates are yet another class of 
prodrugs thai could be synthesized as described below: 



Salicylatc-bascd nucleotide prodrugs of Viramidine™ 
may be obtained by the following Scheme 9. 



Scheme 8 
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R, = Ph 
R] = H 



R = Anything Except Hydrogen 



Other possible monophosphate prodrugs of Viramidine™ 
are shown below: 




CHiOH 



NH 
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60 Prodrugs of nucleoside 5'-di or triphosphates would be more 
interesting since they would bypass more metabolic steps. 

Following are potential nucleotide lipophilic prodrugs 
6 5 and may be prepared as depicted below: 



23 
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Scheme 10 

NH-NC1 




O OM + OM + 

X = CH 2 ; M + = NBu 4 + 
X = O; M* = NBu 4 + 



Following are yet another class of potential phosphonate 
prodrug of viramidine: 



Scheme 1 1 
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Scheme 12 




HO OH 
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-continued 



NH'NCI 




HO OH 
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NH'HCl 



H 2 N 



(R— C(0) S(CH 2 )2— 0) 2 \ / 




HO OH 
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Other possible prodrugs include the possible combina- 
tions of the groups shown in PCT patent application WO 
98/39342, WO 98/39343, WO 98/39344 and WO 99/45016. 

In order for a prodrug to fulfill the requirements necessary 
to deliver the parent nucleoside into the systemic circulation, 
the prodrug should be stable to the intestinal environment, it 
should be permeable to cross the intestinal wall and finally, 
once II the systemic circulation, has to be labile to be 
converted back to the parent nucleoside or nucleotide. 
Because of these properties the choice of ligands that should 
be attached either to the nucleosides or to the nucleotides to 
achieve optimized properties is very limited. Based on our 
idea we propose the following novel nucleoside prodrug 
approach to Viramidine™ and other nucleoside analogs as 
well. 

Other contemplated pro-drug formations include the 
following, as shown below: coumarin-based prodrugs, sali- 
cylate based prodrugs, dithiosuccinoyl (Dls)-based 
prodrugs, reductase mediated prodrugs, 
4-acyloxybenzyloxycarbonyl -based prodrugs, ras-farnesyl 
protein transferase prodrugs, succinic acid based prodrugs, 
and ho moserine -based prodrugs: 
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Scheme 13 
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The coumarin based prodrugs arc easily cleaved by 
esterases followed by lactonization releases the parent 
nucleoside to the target site and been shown in the Scheme 
13. Rj is independently CH 3 , fatty acids, cholesterol, cholic 
acids, bile acids. 



The same coumarinic acid may be used to mask the 
45 amidine functionality of Viramidine™ and produce the 
following prodrug. 




- H 



RO OR 



Salicylate based prodrugs should work based on neigh- 
boring group catalysis mechanism. Both hydroxy! and ami- 
dine masked salicylates are shown below and their synthesis 
65 should follow the Scheme 13 by substituting salicylic acid 
for coumarinic acid. Rj is independently CH 3 , falty acids, 
cholesterol, cholic acids, and bile acids. 
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HO OH 
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Dithiosuccinoyl (Dts)-based prodrugs are of interest. 
These prodrugs may give back nucleoside by enzyme- 
activated cleavage. 



35 
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4-Acyloxybenzyloxycarbonyl -based prodrugs may be pre- 
50 pared by using the protecting group strategy used to block 
amino group of any amino acids and is represented in 
scheme 14. These prodrugs are cleaved by esterases giving 
back the free nucleoside. Rj is independently CH 3 , fatty 
acids, cholesterol, cholic acids, and bile acids. 

55 

Scheme 14 



NH'HCl 



HO OH 



Reductase-mediated prodrugs are cleaved by a combina- 
tion of esterases and reductases and give back nucleoside. 
The prodrugs are represented below. Rj is independently 
CH 3 , fatty acids, cholesterol, cholic acids, and bile acids. 



H 2 N- 




/V O I 



NaHOVDMF/Hp 
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-continued 
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o o 

R^^N) ^^N— CH 2 — O^^NH 



NH 




Succinic acid based prodrugs are represented by the follow- 
ing structure. is independently CH 3 , fatty acids, 
cholesterol, cholic acids, and bile acids. 



// N 

V \ 
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NH 



HO' 



HO OH 



HA 




> 



HO OH 



Using Ras-Farnesyl protein transferase prodrugs to target 
tumor this approach is a viable method. Prodrugs in this type 
are represented below. 



II 
I 

FPP 




Homoserine-based Prodrugs is yet another novel class of 
20 prodiugs and are depicted below. R 1 is independently CII 3 , 
fatly acids, cholesterol, cholic acids, and bile acids. 





HO OH 




H 2 N 




N H 



HO OH 



\ / 40 Besides the above said prodrugs, the following type of 



HO OH 



prodrugs is also part of this invention and a representative 
example in each group is shown below. R 1 is independently 
CH 3 , fatty acids, cholesterol, cholic acids, and bile acids. 



NH o 




Phosphoramidatc- Based 
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PhosphoDoformic acid-Based 
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HO OH 
Phosphoramidale -Based 
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HN J o 

I HN \:H 2 — O— (CH2) 2 — S— S— (CH^-O ^)) 




HO OH 



Dimcrs 




CH.—O SH 



HN || [| NH 

HN "O (CH 2 ) 2 — S S (CH2J2 — 0^ " NH- 



HO OH 




HO OH 




HO OH 



Dimers 



The new strategies described (1 to 8) above in the 
nucleoside prodrugs level may easily be adapted to the 
protected monophosphate prodrugs, phosphonate prodrugs, 
and triphosphate prodrugs level as well. In addition, the 
prodrug described so far may be applied equally well to 
purine, pyrimidine nucleosides and C-nucleosides like 



tiazofurin, selenazofurin and other related C-nucleosides. 

Prodrugs of Viramidine™ could be obtained not only by 
modifying the sugar portion of the parent molecule but also 
by derivatizing the amidine functionality too. Following are 
few classes of prodrugs that may be prepared by modifying 
the amidine group as described below: 
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15 Masking Moiety is designed to comprise a masking group 
that is covalently linked to the Linker. 
Examples of the above generalized formula are shown 




R = Alley), Cholesterol. Bile acid, Fat soluble vitamin, or other lipids 




ribavirin, is as follows. 
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Scheme 2 

O 




x = o,s 

R 2 = H, Ac 

Rl = Alkyl, lipids, bile acids, fat soluble vitamin, etc. 




*COOH 



Rl =R2 = R3 = HorAc 



Bile acid or derivatives 




L = HOOCCH2CH 2 COO 
Cholesterol derivative Vitamin D derivative 



-continued 




Derivatives of cholic acid 
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Scheme 4 




RCOO ORj 



Rl = Ac 



Scheme 5 




RCOO ORi 
Rl = Ac 



HOOOCH2CH2C1 




HSS- 



OR 2 



COOH 



OR 2 



SSH 




"OR 3 

Derivatives of cholic acid 

Rl = R2 = R3 = H 
Rl = R2 = R3 = Ac 
Rl = H, R2 = Ac, R3 = Ac 
R1 = Ac R2 = H, R3 = Ac 
Rl = R2 = Ac, R3 = H 
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R,Cf 




"OR ? 

Derivatives of choJic acid 

Rl = R2 = R3 = H 
Rl = R2 = R3 = Ac 
Rl = H, R2 = Ac, R3 = Ac 
Rl = Ac R2 = H, R3 = Ac 
Rl = R2 = Ac, R3 = H 
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Scheme 6 

0 




X = o, s 

R 2 =H,Ac 

Rl = Alkyl, lipids, bile acids, fat soluble vitamin, etc. 




Rl = R2 = R3 = H or Ac 
Bile acid or derivatives 




L = HOOCCH2CH iCOO 
Cholesterol derivative Vitamin D derivative 
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Scheme 7 \ 




R = Alkyl, Cholesterol, Bile acid, Fat soluble vitamin, or other lipids 




15 



Scheme 2 
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Contemplated biotransformations for the above synthetic 30 
schemes that can be applied to all contemplated nucleoside 
pro-drugs are as follows: 



RO OR 



R = H, Acyl, Lipids derivative 
Biotransformation J 



CH 3 O 




Rl S S- 



CH 3 OH 



UO OR 2 



Rl = Lipids, Alky], Bile acid, 
R 2 = II, Ac 
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Scheme 3 
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60 X = O, S 

Rl = Lipids, Alkvl, Bile acid, 
R2 = H, Ac 



HO OR, 
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Scheme 5 
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Apart from the above mentioned prodrugs and their 
contemplated biotransformation schemes, the present inven- 
tion includes the following combination therapies according 
to the present invention comprise the administration of at 

45 least one compound of the present invention or a functional 
derivative thereof and at least one other pharmaceuiically 
active ingredient. The active ingredient(s) and pharmaceu- 
tical^ active agents may be administered separately or 
together and when administered separately this may occur 
simultaneously or separately in any order. The amounts of 

50 the active ingredient(s) and pharmaceuiically active agent(s) 
and the relative timings of administration will be selected in 
order to achieve the desired combined therapeutic effect. 
Preferably, the combination therapy involves the adminis- 
tration of one compound of the present invention or a 

55 physiologically functional derivative thereof and one of the 
agents mentioned herein below. 

Examples of other drugs or active ingredients contem- 
plated to be effective in combination with a modulator 
selected from Formula 1 or Formula 2 are anti-viral agents 

60 such as interferon, including but not limited to interferon a 
and y, ribavirin, acyclovir, and AZT™; anti-fungal agents 
such as tolnaflate, Fungizone™, Lotrimin™, Mycelex™, 
Nystatin and Amphoteracin; antiparasitics such as 
Mintezol™, Niclocide™, Vermox™, and Flagyl™, bowel 

65 agents such as Immodium™, Lomotil™ and Phazyme™; 
anti-tumor agents such as interferon a and y, Adriamycin™, 
Cytoxan™, Imuran™, Methotrexate, Milhracin™, 
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Tiazofurin™, Taxol™; dermatologic agents such as 
Aclovate™, Cyclocort™, Denorex™, Florooe™, 
Oxsoralen™, coal tar and salicylic acid; migraine prepara- 
tions such as ergotamine compounds; steroids and immu- 
nosuppresants not listed above, including cyclosporins, 5 
Diprosone™, hydrocortisone; Floron™, Lidex™, Topicort 
and Valisone; and metabolic agents such as insulin, and 
other drugs which may not nicely fit into the above 
categories, including cytokines such as IL2, IL4, IL6, IL8, 
IL10 and IL12. Especially preferred primary drugs are AZT, m 
3TC, 8 -substituted guanosine analogs, 2,3- 
dideoxynucleosides, interleukin II, interferons such as IaB- 
interferons, tucaresol, levamisole, isoprinosine and cyclo- 
lignans. 

Examples of such further therapeutic agents include 15 
agents that are effective for the modulation of immune 
system or associated conditions such as AZT, 3TC, 
8-substituted guanosine analogs, 2', 3*-dideoxynucleosides, 
interleukin II, interferons, such as a-interferon, tucaresol, 
levamisole, isoprinosine and cyclolignans. Certain com- 20 
pounds according to the present invention may be effective 
for enhancing the biological activity of certain agents 
according to the present invention by reducing the metabo- 
lism or inactivation of other compounds and as such, are 
co-administered for this intended effect. 25 

With respect to dosage, one of ordinary skill in the an will 
recognize that a therapeutically effective amount will vary 
with the infection or condition to be treated, its severity, the 
treatment regimen to be employed, the pharmacokinetics of 
the agent used, as well as the patient (animal or human) 30 
treated. It is contemplated that various alternative dosages 
are also appropriate, including dosages between 0.5 mg/kg 
and 0.1 mg/kg and less, but also dosages between 0.5 and 1 .0 
mg/kg and more. It is further contemplated that while 
treatment success may be achieved with some viral infec- 35 
tions at relatively low plasma concentrations of the com- 
pounds of Formula 1 or Formula 2, other viral infections 
may require relatively high dosages. It is contemplated, 
however, that an appropriate regimen will be developed by 
administering a small amount, and then increasing the 40 
amount until the side effects become unduly adverse, or the 
intended effect Is achieved. (FIGS. 1 and 2) 

Administration of the active compound may range from 
continuous (intravenous drip) to several oral administrations 
per day (for example, Q.I.D.) and may include oral, topical, 45 
parenteral, intramuscular, intravenous, sub-cutaneous, trans- 
dermal (which may include a penetration enhancement 
agent), buccal and suppository administration, among other 
routes of administration. 

To prepare the pharmaceutical compositions according to 50 
the present invention, a therapeutically effective amount of 
one or more of the compounds according to the present 
invention is preferably intimately admixed with a pharma- 
ceutically acceptable carrier according to conventional phar- 
maceutical compounding techniques to produce a dose. A 55 
carrier may take a wide variety of forms depending on the 
form of preparation desired for administration, e.g., oral or 
parenteral. In preparing pharmaceutical compositions in oral 
dosage form, any of the usual pharmaceutical media may be 
used. Thus, for liquid oral preparations such as suspensions, 60 
elixirs and solutions, suitable carriers and additives includ- 
ing water, glycols, oils, alcohols, flavouring agents, 
preservatives, colouring agents and the like may be used. 
For solid oral preparations such as powders, tablets, 
capsules, and for solid preparations such as suppositories, 65 
suitable carriers and additives including starches, sugar 
carrier, such as dextrose, mannitol, lactose and related 



carriers, diluents, granulating agents, lubricants, binders, 
disintegrating agents and the like may be used. If desired, the 
tablets or capsules may be enteric-coated or sustained 
release by standard techniques. 

For parenteral formulations, the carrier will usually com- 
prise sterile water or aqueous sodium chloride solution, 
though other ingredients including those that aid dispersion 
may be included. Of course, where sterile water is to be used 
and maintained as sterile, the compositions and carriers must 
also be sterilized. Injectable suspensions may also be 
prepared, in which case appropriate liquid carriers, suspend- 
ing agents and the like may be employed. 

Thus, specific embodiments and applications of nucleo- 
side analog prodrugs have been disclosed. It should be 
apparent, however, to those skilled in the art that many more 
modifications besides those already described are possible 
without departing from the inventive concepts herein. The 
inventive subject matter, therefore, is not to be restricted 
except in the spirit of the appended claims. Moreover, in 
interpreting both the specification and the claims, all terms 
should be interpreted in the broadest possible manner con- 
sistent with the context. In particular, the terms "comprises" 
and "comprising" should be interpreted as referring to 
elements, components or steps in a non-exclusive manner, 
indicating that the referenced elements, components, or 
steps may be present, or utilized, or combined with other 
elements, components, or steps that are not expressly refer- 
enced. 

We claim: 

1. A nucleoside analog compound of Formula 1 , in which 
the sugar is either in L- or D-con figuration: 

Formula 1 



R 7 HN 




wherein Z is O, CII 2 , or S; 

R is independently H, hydroxyl, protected hydroxyl or 
halogen; 

Ri, R 2 , R 3 , R 4 , R 5 , are independently selected from H, 
halogen, CN, CH = OH, lower alkyl, vinyl, and acetylene 
radical; with the proviso that 

when R 2 is hydroxyl, then, R that is attached to the 

same carbon as that of R 2 is not halogen; 
when R 3 is hydroxyl, then, R that is attached to the 
same carbon as that of R 3 is not halogen; 

R 6 is selected from H, hydroxyl, protected hydroxyl, 
— CH-.OH, — CH 2 PO(OH) 2 — O-amino acid'radical, 
O-rciinoic acid, O-cholcstcrol, O-cholic acid, 
O-coumarinic acid, O-salicvlic acid, O-succinic acid, 
O-bile acid radical, O— P(6)— (O— CII 2 — CII 2 — S— 
CO — CH 3 ) 2 ; O-stcroid radical; O-monophosphatc 
derivative radical, O-diphosphate derivative radical, 
and O-triphosphatc derivative radical; 

R 7 is selected from H, alkyl, CH 3 COO— , CH 3 COO- 
phenyl-CH 2 — O — CO — , phenyl, — (CH>— COOH, 
coumarinic acid, salicylic acid, dithiosuccinoyl deriva- 
tive radical, reductase mediated cleavable group, 
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phosphono formic acid radical, and phosphoramidate 
group radical; 

1^ is selected from II, H*HC1, H*HBr, lower alkyl, 
phenyl, CH 3 COO— , CH 3 COO-Phenyl-CH 2 — O— 
CO — , and phenyl; 5 
with the proviso that R 7 and R 8 are not H at the same 
time. 

2. A nucleoside analog compound of Formula 3, in which 
the sugar is either in the L- or D-configuration: 



-continued 



R — C — X — CH 2 — 



where X is O or S; and 



10 



Formula 3 




15 



R is straight or branched C 2 -C 18 alkyl, alkenyl, alkynyl, 
aryl, or aralkyl. 

4. A nucleoside analog compound of Formula 5, in which 
the sugar is either in the L- or D-configuration: 



Formula 5 



wherein X is O or NH; 25 

Rj is a masking group of the amino group; 

It, is selected from H, HCO— , R — C(O) — , and (R'O) 
2 P(0)— O— , where R is a Cj-C^ alkyl, alkenyl, or 
alkynyl group, and R' is a masking group of the 
phosphate; 

R 3 is independently H or C 1 -C 18 acyl; and 
Rj and R 2 are not hydrogen at the same time. 
3. A nucleoside analog compound of Formula 4, in which 
the sugar is either in the L- or D-configuration: 35 

Formula 4 




where R 2 is H or a masking group as designated in claim 
2; R 2 is a masking group of the phosphate having any 
of the following structures: 



o 
II 

R C X 




\ / 
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where R, is a masking group having any of the following 50 
structures: 

o o 

11 11 

R C — O (CH2),— C 



V/ 

R S S CH 2 — CH : or 

O 

II 

R C X CH 2 

where X is O, or S; and 

R is straight or branched C,-C 18 alkyl, alkenyl, alkynyl, 

aryl, or aralkyl. 
5. A nucleoside analog compound of Formula 7, in which 
the sugar is either in L- or D-configuration: 

Formula 7 

NH-HC1 



RCO — X 




o 

II 

CH 2 — O— C- 



R C S — CII 2 — CII 2 — O — C 

O 

II 

R S S C 
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OH 



-S S CH 2 — CH 2 — O — C 
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6. A nucleoside analog compound of Formula 10, in 
which the sugar is either in the L- or D-configuration: 
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NH-HCI 



Formula 10 




10 




1I 2 N 



Formula 11 



HO 



OH 



wherein R is selected from hydrogen, halogen, amide, wherein X is selected from oxygen, sulphur, Sc, and NR; and 
amidine, alkyl, phenyl, vinyl, and acetylene radical. 15 R is selected from hydrogen, acetyl, and alkyl. 

1. A nucleoside analog compound of Formula 1 1 , in which 
the sugar is either in the L- or D- configuration: 



* * * * 



